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Water Supply Overview

I.   2001 WATER SUPPLY

A.  Water Supply Overview

Extremely poor water conditions with in the Columbia River Basin along with an extraor-

dinary power market created a unique water situation in Water Year 2001.  Monthly 2001 precipi-

tation at the Columbia River above Grand Coulee, the Snake River above Ice Harbor, and the

Columbia River above The Dalles averaged approximately 70% of average.  As a result, the 2001

January-July runoff at The Dalles was the second lowest in Columbia River recorded history.  As

a compounding factor to the near record low flows in 2001, California energy deregulation cre-

ated a financial crisis for the Bonneville Power Administration (BPA).  In February of 2001, the

BPA declared a “power emergency” and suspended many of the Endangered Species Act and the

Biological Opinion measures.  As a consequence, no flows were provided for migrating salmon,

and spill was either eliminated or minimal in much of the Snake and Lower Columbia Rivers.  

B.  Precipitation

Water Year 2001 was an exceptionally dry year.  Monthly precipitation at the Columbia

River above Grand Coulee, the Snake River above Ice Harbor, and the Columbia River above The

Dalles ranged between 20% and 198% of average1.  Precipitation between the three locations

averaged approximately 72% of average over Water Year 2001 (Table 1).  Overall, only the

months of October, April, June, and July were above normal in terms of precipitation (Table 1,

Figure 1).  Because the 2001 Water Year began with relatively dry soils (low soil moisture con-

tent), early downstream runoff was compensated to some degree to recharge depleted soil mois-

ture.  The following paragraphs briefly evaluate monthly precipitation and related conditions over

WY 2001.

Precipitation during October of 2001 was at or above average for the majority of the

region (Table 1, Figure 1).  October produced the highest average precipitation levels (96 to

198%) with respect to average in Water Year 2001.  In addition, temperatures were at or above

average across westside basins and below average across eastside basins.  

1.  Average refers to average values calculated between the years of 1961 and 1990. 
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The month of November was generally much drier than average (Table 1, Figure 1) and

temperatures were typically below average.  November precipitation averaged between 43 and

49% of average at the locations presented in Table 1 and Figure 1.

Precipitation for December was generally drier than average (53 to 59%) for most of the

basin, while temperatures were predominantly below average (Table 1).   With deficient precipi-

tation and depleted soil moisture, December runoff was well below average.  The majority of the

region contained December runoff that was 50 to 70 percent of average.  The January final water

supply forecast (January-July) for the Columbia River at The Dalles was 80.4 million-acre feet

(Maf)1. 

January precipitation was again well below average, while temperatures were predomi-

nantly above average.  Minimal January precipitation restricted ordinary snow accumulations,

February 1st snow water equivalents ranged from 35% to 65% of average in most areas.  Snow

pack deficiencies were the greatest in Canada, the Western Cascades, the Spokane drainage, and

on the Clearwater River in Idaho.  Observed runoff for January was extremely low ranging from

80-90% of average in the Upper Columbia River in Canada and the Upper Snake River to

between 20-30% on the Yakima and Spokane Rivers.  Overall, deficient precipitation and snow

coupled with dry soil moisture conditions resulted in very limited water supply forecasts.  The

February final water supply forecast  (January-July) for the Columbia River at The Dalles was

66.4 million-acre feet (Maf), 63% of average. 

February precipitation and snow water equivalents were again below average.  Observed

runoff for February was also low; the Upper Columbia River in Canada and the Upper Snake

River had February runoff in the 70-90% range, however most other drainages were between 40-

60% of average.  The March final water supply forecast (January-July) for the Columbia River at

The Dalles was 58.6 million-acre feet (Maf). 

March precipitation was nearly average across the northern Columbia Basin, however, the

remainder of the region experienced drier than average conditions.  Slight improvements in snow

water equivalent percentages were seen in the northern portion of the basin, however, percentages

dropped in Oregon and Central-Southern Idaho.  Warmer temperatures combined with rainfall led

1.  The January final water supply forecast utilized data collected primarily during December; therefore, it was

deemed appropriate to include the January forecast in the brief analysis of December precipitation and runoff.

This reasoning was also applied to months beyond December and January.
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to some increases in natural streamflow.  The April final water supply forecast (January-July) for

the Columbia River at The Dalles was 56.1 million-acre feet (Maf), or 53% of average. 

Precipitation for April 2001 was above average across the Owyhee, Salmon, Kootenai,

Flathead, and Middle Columbia River Basins.  In fact, precipitation was 120% of the 1961-1990

average at Columbia River above Coulee, 106% of average at the Snake River above Ice Harbor,

and 117% of average at the Columbia River above The Dalles.  Snow water equivalents increased

in several basins in British Columbia, Montana, and Northern Idaho.  Increased rainfall and snow-

melt improved runoff in most areas of the Columbia Basin.  The May final water supply forecast

(January-July) at The Dalles was 56.5 Maf, or 53% of average.

In the month of May, below average rainfall and depleted snow packs produced slight

decreases in runoff volumes in most Columbia Basins regions.  Precipitation was 54% of average

at the Columbia River above Coulee, 48% of average at the Snake River above Ice Harbor, and

64% at the Columbia River above The Dalles.  Over the month of May, snow packs steadily

melted and were mostly depleted by June 1st.  The June final water supply forecast (January-July)

at The Dalles was 55.5 Maf, decreasing slightly from May forecasts.  

June precipitation was 117% of average at the Columbia above Coulee, 65% of average at

the Snake River above Ice Harbor, and 99% of average at the Columbia above The Dalles.  In

June, very little snow pack remained with in the Columbia Basin.  Additionally, streamflow was

limited as most drainages produced only 25-45% of normal flow.  The July final water supply

forecast (January-July) at The Dalles was 54.7 Maf (52% of normal), just slightly above the

record low of 53.4 Maf set in 1977.

July 2001 was cooler and wetter than the average of years 1961-1990.  July precipitation

was 102% of average at Columbia River above Coulee, 118% of average at the Snake River

above Ice Harbor, and 103% of average at the Columbia River above The Dalles.  

August 2001 was warmer and drier than average.  Precipitation was 32% of average at the

Columbia River above Coulee, 20% of average at the Snake River at Ice Harbor, and 32% at the

Columbia River at The Dalles.  

September of 2001 was also warmer and drier than the average of years 1961-1990.  In

September, precipitation was 48% of average at the Columbia River above Coulee, 54% of aver-

age at the Snake River at Ice Harbor, and 49% at the Columbia River at The Dalles.  
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TABLE 1.  Average monthly precipitation over Water Year 2001 at the Columbia River above The Dalles, 
the Snake River above Ice Harbor, and the Columbia River above Coulee.  Values are in percent of average 
precipitation recorded at the same location between 1961 and 1990.

FIGURE 1. Water Year 2001 precipitation in percentage of the 1961 to 1990 average.

Columbia River 
above The Dalles 

Snake River above 
Ice Harbor 

Columbia River above 
Grand Coulee Month 

% of Average1961-1990 % of Average1961-1990 % of Average1961-1990 
October 118 198 96 

November 49 48 43 

December 54 59 53 

January 40 51 36 

February 51 55 55 

March  82 71 84 

April  117 106 120 

May 62 48 59 

June 99 65 117 

July  103 118 102 

August 32 20 32 

September 49 54 48 
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C.  Reservoir Operations

In general, precipitation was extremely low in WY 2001.  As a result, runoff volumes in

many basins were well below average.  Table 2 displays the January, February, March, and April

final runoff volume forecasts for various reservoirs within the Columbia and Snake Basins.  From

Table 2, not one of the reservoirs contained an average (i.e., 100% of average) runoff volume

forecast over the presented months.  The highest and lowest April forecasts were at the Mica and

Weiser (ID) reservoirs, 77% and 32% of average, respectively.  

Table 3 compares the 2001 actual January-July runoff volume with the January-July run-

off volume recorded between 1992 and 2000 at the Columbia River above Grand Coulee, the

Columbia River above The Dalles, and the Snake River above Lower Granite.  From Table 3,

2001 produced very minimal runoff volumes at each of the three locations in comparison to previ-

ous years.  As a result of very limited water yields, reservoir operations were largely influenced.

TABLE 2.  January, February, March, and April 2001 Final Runoff Volume Forecasts for various 
reservoirs within the Columbia and Snake River Basins

 

January Final February Final March Final April Final 

Site Runoff 

Volume 

(Kaf) 

 

% of 

Ave 

Runoff 

Volume 

(Kaf) 

 

% of 

Ave 

Runoff 

Volume 

(Kaf) 

 

% of 

Ave 

Runoff 

Volume 

(Kaf) 

 

% of 

Ave 

Mica  

(April-Sept) 
10800 85 9990 78 9620 76 9800 77 

Hungry Horse  

(April-Sept) 
1550 71 1320 60 1320 60 1300 60 

Libby 

(April-Sept) 
5110 75 4180 62 3570 53 3530 52 

Grand Coulee 

(Jan-July) 
48880 77 41200 65 37600 59 37500 59 

The Dalles 

(Jan-July) 
80400 76 66400 63 58600 55 56100 53 

Brownlee 

(April-July) 
3530 61 2850 49 2390 41 1890 33 

Dworshak 

(April-July) 
2300 85 1800 67 1550 57 1400 52 

Lower Granite 

(Jan-July) 
23600 79 18800 63 16300 55 14100 47 

Heise (ID) 

(April-July) 
3010 87 2230 65 2170 63 2030 59 

Weiser (ID) 

(April-July) 
3230 59 2620 48 2230 41 1730 32 
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Hydrosystem operations for fish passage are ordinarily based upon the National Marine

Fisheries Services’ 1995 and 2000 Federal Columbia River Power System Biological Opinion.

The Biological Opinion (BiOp) contains provisions for flow targets, refill and draft specifications

for reservoirs, spill levels, and transportation specifications.  The BiOp also specifies that all res-

ervoirs should be operated to accomplish their April flood control target elevation to maximize

storage available for flow augmentation, and that reservoirs should refill by June 30th to maximize

storage for summer augmentation.  The intent of the BiOp is to conserve water for summer flow

augmentation while not substantially reducing spring flows.  

 On February 12th of 2001, the BPA declared a “power emergency” that lasted through

February 20th.  On April 3rd, 2001 the BPA again declared a power emergency that was in effect

for the remainder of the Biological Opinion period.  As a consequence, many of the Endangered

Species Act and the Biological Opinion measures were suspended.  Limited flows were provided

for migrating salmon, and spill was either eliminated or minimal in much of the Snake and Lower

Columbia Rivers.  

TABLE 3.  January through July actual runoff volumes for the 1992-2001 period at the Columbia River 
above Grand Coulee, the Columbia River above The Dalles and the Snake River above Lower Granite.

Columbia above  
Grand Coulee 

Columbia above  
The Dalles 

Snake River above 
Lower Granite 

 
 
Year Runoff 

Volume (Maf) 
% of 
Ave 

Runoff 
Volume(Maf) 

% of 
Ave 

Runoff 
Volume(Maf) 

% of 
Ave 

1992 46.5 74 70.4 66 14.1 47 

1993 49.1 78 88.0 83 26.7 90 

1994 50.9 80 75.0 71 15.9 53 

1995 59.0 93 104.0 98 29.4 99 

1996 78.9 135 139.3 132 42.4 143 

1997 88.2 137 159.0 150 49.5 166 

1998 59.0 93 104.5 98 31.3 105 

1999 71.3 115 124.1 117 36.1 121 

2000 61.1 96 98.0 92 24.7 83 

2001 37.4 59 58.2 55 14.4 48 
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1. Storage Reservoirs 

During Water Year 2001 storage reservoirs were primarily operated for power generation.

Generally, reservoirs were drafted well below their flood control targets to meet power needs in

the fall/winter.  Table 4 displays the end of March and April Flood Control targets and the actual

reservoir elevations for several storage reservoirs.  Table 5 displays the full pool elevations, the

June 30th elevations, and the date of highest reservoir elevation for the Libby, Hungry Horse,

Grand Coulee, Brownlee, and Dworshak reservoirs.  Table 6 demonstrates the estimated 2001

Biological Opinion flood control elevations at Libby, Hungry Horse, Grand Coulee, Brownlee,

and Dworshak reservoirs. Table 7 demonstrates the minimum, maximum, and average inflows,

outflows, and elevations for selected reservoirs over WY 2001.

TABLE 4.  End of March and April 2001 flood control targets and actual reservoir elevations at Brownlee, 
Libby, Grand Coulee, Dworshak, and Hungry Horse.

TABLE 5.  Full pool elevations, elevations on June 30, 2001, and the date of highest reservoir elevation for 
the Libby, Hungry Horse, Grand Coulee, Brownlee, and Dworshak reservoirs.

Site 

March 31 
Flood Con. 

Target 
(AMSL) 

March 31 
Actual 

Res. Elev. 
(AMSL) 

April 30 
Flood Con. 

Target 
(AMSL) 

April 30 
Actual Res. 

Elev. 
(AMSL) 

Full Pool 
Elev. 

(AMSL) 

Libby 2448.0 2387.6 2448.0 2387.0 2459.0 

Hungry Horse 3555.2 3491.6 3558.2 3491.8 3560.0 

Grand Coulee 1283.3 1222.7 1283.3 1221.0 1290.0 

Brownlee 2077.0 2073.7 2077.0 2075.7 2077.0 

Dworshak 1581.8 1512.3 1597.4 1531.5 1600.0 

Project 
Full PoolElev. 

 (ft AMSL) 
Reservoir Elev. June 30 

 2002 (ft AMSL) 
Date of Max.  

2001 Res. Elev. 
Libby 2459 2431.1 August 2 

Hungry Horse 3560 3541.4 July 20 

Grand Coulee 1290 1280.9 July 11 

Brownlee 2077 2075.5 May 16 

Dworshak 1600 1587.4 July 1 



Fish Passage Center Annual Report

8

TABLE 6. Estimated Biological Opinion April 10th targets and actual elevations at Libby, Hungry Horse, 
Grand Coulee, Brownlee, and Dworshak.

Project 
Estimated April 10 Biological 

OpinionElevations* (ft AMSL) 
Actual April 10 Reservoir 

Elevation(ft AMSL) 
Libby na 2386.7 

Hungry Horse 3555.9 3489.7 

Grand Coulee 1283.3 1220.2 

Brownlee 2077.0 2074.4 

Dworshak 1586.9 1516.7 
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TABLE 7.  2001 monthly inflows, outflows, and reservoir elevations at Brownlee, Libby, Grand Coulee, 
Dworshak, and Hungry Horse.

  March April  May June July 
Brownlee       

 Inflow (kcfs)      

 Min 6.6 5.1 6.7 4.5 4.4 
 Max  18.5 14.7 19.7 13.6 15.6 
 Ave 12.4 11.5 11.7 8.3 9.3 
 Outflow (kcfs)      
 Min 8.8 7.4 8.5 7.0 7.0 
 Max  18.6 15.9 19.7 13.2 15.7 
 Ave 12.9 12.2 12.5 8.5 9.4 
 Elevation (AMSL)      
 Min 2069.2 2073.6 2075.7 2075.5 2067.7 
 Max  2076.0 2075.7 2077.0 2076.6 2075.6 
 Ave 2073.2 2074.6 2076.3 2076.1 2072.7 
Libby       

 Inflow (kcfs)      

 Min 1.7 1.8 5.3 13.4 6.0 
 Max  3.3 12.9 38.3 25.0 15.7 
 Ave 2.7 3.8 16.5 17.3 9.9 
 Outflow (kcfs)      
 Min 4.0 4.0 4.0 4.0 4.0 
 Max  6.0 4.5 4.0 4.0 8.9 
 Ave 4.4 4.1 4.0 4.0 6.2 
 Elevation (AMSL)      
 Min 2387.6 2385.5 2387.4 2411.4 2431.6 
 Max  2390.9 2387.5 2410.6 2431.1 2436.6 
 Ave 2389.0 2386.3 2395.3 2422.2 2435.0 
G. Coulee       

 Inflow (kcfs)      

 Min 53.9 52.7 82.5 77.2 40.4 
 Max  82.5 95.4 133.7 120.0 84.6 
 Ave 70.4 63.8 106.2 95.6 58.0 
 Outflow (kcfs)      
 Min 41.2 34.1 20.9 42.7 29.8 
 Max  110.8 85.8 74.9 105.4 81.5 
 Ave 72.8 60.5 47.9 78.4 50.6 
 Elevation (AMSL)      
 Min 1221.1 1216.7 1222.6 1273.9 1280.7 
 Max  1226.3 1223.3 1272.6 1282.4 1284.6 
 Ave 1223.3 1219.4 1246.1 1279.8 1282.3 
Dworshak       
 Inflow (kcfs)      
 Min 1.0 2.9 8.2 2.9 0.3 
 Max  6.7 14.3 18.6 9.6 2.9 
 Ave 3.5 5.8 11.7 5.4 1.4 
 Outflow (kcfs)      

 Min 1.4 1.4 1.4 1.6 1.8 
 Max  1.5 1.8 1.7 1.8 10.0 
 Ave 1.5 1.5 1.5 1.7 8.8 
 Elevation (AMSL)      

 Min 1501.9 1513.0 1533.9 1575.0 1559.0 
 Max  1512.3 1531.5 1574.2 1587.4 1587.5 
 Ave 1505.5 1519.6 1554.4 1582.7 1575.1 
H. Horse       

 Inflow (kcfs)      
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Over the spring 2001, Brownlee was operated to meet power generation needs and to meet

flood control targets (Figure 2).  During March, Brownlee inflows were roughly equivalent to out-

flows.  In particular, inflows at Brownlee ranged between 6.6 and 18.5 kcfs and averaged 12.4

kcfs in March of 2001 (Table 7).  On the other hand, outflows ranged between 8.8 and 18.6 kcfs

and average 12.9 kcfs over the same period (Table 7).  Over March 2001, the Brownlee reservoir

filled slightly; beginning the month at 2069.3 feet and ending the month at 2073.7 feet Above

Mean Sea Level (AMSL).  The end of March flood control target elevation issued by USACE

(using the March final water supply forecast) was 2077.0 feet AMSL; this was also the full pool

elevation (Table 4).  Therefore, by the end of March, the Brownlee reservoir was 3.3 feet below

the desired flood control elevation and full pool.  

The estimated April 10th BiOp target elevation for the Brownlee reservoir was 2077.0 feet

AMSL; the actual reservoir elevation on April 10th was 2074.4 feet AMSL (Table 6).  Flood con-

trol targets issued by USACE for the end of April were again at the full pool elevation of 2077.0

feet above MSL.  By the end of April, Brownlee reservoir was only 1.3 feet below the April flood

control elevation (Table 4).  Throughout the entire month of April, the Brownlee reservoir was

operated within 3.5 feet of the flood control target and full pool elevation.  Moreover, the Brown-

lee reservoir essentially passed inflows during the month of April (Table 7).

During the month of May, reservoir operations at Brownlee were very similar to those in

April (Figure 2, Table 4 and Table 7).  Essentially, Brownlee passed inflow and reservoir eleva-

tions were no more than 1.3 feet from the full pool elevation (2077.0 feet AMSL).  On May 16,

2001 the Brownlee reservoir reached a maximum elevation of 2077.0 feet AMSL (Table 5).

Reservoir operations in June of 2001 were similar to those in May (Figure 2).  Brownlee

passed inflow and reservoir elevations remained approximately steady (began and ended June at

2075.9 and 2075.5 feet AMSL, respectively).  The Brownlee reservoir was very close (i.e., 1.5

feet) to its full pool elevation by June 30th of 2001, as suggested in the BiOp (Table 6).   

Brownlee began to continuously draft reservoir water during the month of July 2001.  In

particular, the reservoir began the month of July at an elevation of 2075.6 feet and ended the

month at 2067.7 feet AMSL, a total draft over the month of 7.9 feet (Figure 2, Table 7).  Drafting

continued through the months of August and September of 2001.  The Brownlee reservoir ended

water year 2001 at 2050.4 feet AMSL.  
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Dworshak

During WY 2001, Dworshak was primarily operated for power generation.  Throughout

the spring of 2001, Dworshak was drafted well below USACE flood control targets.  The end of

March flood control target was 1581.8 feet; where as, the actual reservoir elevation at the end of

March was 1512.3 feet AMSL, a difference of 69.5 feet (Table 4).  The estimated April 10th BiOp

target elevation for the Dworshak reservoir was 1586.9 feet AMSL; the actual reservoir elevation

on April 10th was 1516.7 feet AMSL (Table 6).  Additionally, the end of April flood control target

was 1597.4 feet, while the actual end of April reservoir elevation was 1531.5 feet AMSL, a differ-

ence of 65.9 feet (Table 4).  

Dworshak began Water Year 2001 at 1519.7 feet and ended at 1516.7 feet AMSL.  Storage

at the Dworshak reservoir remained approximately constant through the beginning of WY 2001.

From October through January 21st of 2001, the reservoir changed only 3.3 feet in elevation, from

1519.7 feet on October 1st to 1516.4 feet AMSL on January 21st of 2001.  From January 22nd to

March 4th, 2001, Dworshak was drafted to 1501.9 feet AMSL.  Beyond March 4th, Dworshak was

FIGURE 2. Inflows, outflows, and reservoir elevations at the Brownlee reservoir over Water Year 2001.

0

5

10

15

20

25

Oct-00 Nov-00 Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01 Aug-01 Sep-01

Date

F
lo

w
 (k

cf
s)

2000

2020

2040

2060

2080

2100

E
le

va
ti

o
n

Inflow Outflow Elevation



Fish Passage Center Annual Report

12

refilled to a maximum elevation of 1587.5 feet AMSL on July 1st, 2001 (Table 5).  After July 1st

of 2001, the Dworshak reservoir was drafted to an elevation of 1516.7 feet AMSL at the end of

the 2001 Water Year (Figure 3).  

Through March, April, May and much of June, Dworshak (Table 7) was operated at a

minimum outflow of 1.5 kcfs, as directed by the Biological Opinion.  During July and August,

outflows increased up to and above 10 kcfs (Figure 3).  Increased outflow from Dworshak during

the mid to late summer months is often used to mitigate increased temperatures at the Lower

Granite Reservoir. 

According to the BiOp, Dworshak should attempt to refill by the 30th of June each year.

During 2001, Dworshak did not refill; the full pool elevation at Dworshak is 1600 feet and the

maximum actual elevation achieved was 1587.5 feet AMSL on July 1st, 2001 (Table 5).

The BiOp also calls for draft to be limited to 1520 feet AMSL by August 31st to benefit

summer juvenile fish migration.  On August 31st, 2001, the Dworshak reservoir was at an eleva-

tion of 1520.5 feet AMSL, just 0.5 feet above the maximum draft limit. 

FIGURE 3. Inflows, outflows, and reservoir elevations at Dworshak over Water Year 2001.
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Libby

During the winter months, Libby was primarily operated to meet power generation needs.

Overall, Libby drafted water throughout the first portion of Water Year 2001; beginning the water

year on October 1, 2000 at 2432.2 feet AMSL and ending the draft period on April 25th at 2385.5

feet AMSL.  Beyond April 25th 2001, Libby was refilled reaching a maximum of 2436.6 feet

AMSL on August 2nd, 2001 (Table 5).  Figure 4 displays the operation of the Libby reservoir over

WY 2001.

Throughout spring and summer of 2001, the Libby reservoir demonstrated a strong draft/

refill regime.  In March, outflows averaged 4.4 kcfs and inflows 2.7 kcfs, resulting in a 3.3 feet of

reservoir draft.  The end of March flood control target for Libby was 2448.0 feet AMSL; the

actual elevation of the reservoir was 2387.6 feet (Table 4), a difference of 60.4 feet.  In April, out-

flows were slightly larger than inflows; outflows averaged 4.1 kcfs and inflows averaged 3.8 kcfs

(Table 4).  As a result, the Libby reservoir dropped one-half a foot in elevation over the month of

April.  The end of April flood control target was 2448.0 feet AMSL; the actual elevation at the

end of April was 2387.0 feet, a 61.0-foot difference (Table 4).   

FIGURE 4. Inflows, outflows, and reservoir elevations at the Libby reservoir over Water Year 2001.

0

5

10

15

20

25

30

35

40

45

Oct-00 Nov-00 Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01 Aug-01 Sep-01

Date

F
lo

w
 (k

cf
s)

2320

2340

2360

2380

2400

2420

2440

2460

E
le

va
ti

o
n

Inflow Outflow Elevation



Fish Passage Center Annual Report

14

In May of 2001, the Libby reservoir began to refill, as a result of increases in spring run-

off.  May outflows averaged 4.0 kcfs (the minimum) and inflows averaged 16.5 kcfs, resulting in

23.2 feet of reservoir refill.  Similarly, outflows in June of 2001 averaged 4.0 kcfs and inflows

averaged 17.3 kcfs, resulting in 19.7 feet of refill.  Lastly, July inflows at Libby averaged 9.9 kcfs,

where as, July outflows averaged 6.2 kcfs, resulting in 5 feet of refill (Table 7).  The Libby reser-

voir reached a maximum level of 2436.6 feet AMSL on August 2nd, 2001.  The full pool elevation

for Libby is 2459.0 feet AMSL (Table 5).  Therefore, during WY 2001, the Libby reservoir did

not reach its full pool elevation by June 30th, as recommended in the Biological Opinion (BiOp).

Furthermore, the BiOp recommends limiting draft by August 31st to 2439 feet above MSL at

Libby.  The actual elevation of Libby was 2434.9 on August 31st, 2001; 4.1 feet below the BiOp

recommendation. 

Grand Coulee

In WY 2001, Grand Coulee was primarily operated to meet power generation needs.

Grand Coulee began the 2001 water year on October 1, 2000 at 1285.6 feet AMSL.  Beginning in

November of 2000, Grand Coulee began to draft and continued drafting through the winter and

spring months, reaching a minimum elevation of 1216.7 feet AMSL on April 20th, 2001.  From

April 21st to June 18th, Grand Coulee refilled to an elevation of 1282.4 feet AMSL.  Beyond June

18th, 2001, reservoir elevations at Grand Coulee remained approximately constant.  Figure 5 dis-

plays the operation of the Grand Coulee reservoir over WY 2001.

Throughout March, inflows averaged 70.4 kcfs while outflows averaged 72.8 kcfs result-

ing in a draft of 3.6 feet of water.  The end of March flood control elevation determined by

USACE was 1283.3 feet AMSL (Table 7).   The actual end of March reservoir elevation was

1222.7 feet AMSL, 60.6 feet below the flood control target.  

The estimated April 10th BiOp target elevation for the Grand Coulee reservoir was 1283.3

feet AMSL; the actual reservoir elevation on April 10th was 1220.2 feet AMSL, a difference of

63.1 feet (Table 6).  In April of 2001, inflows averaged 63.8 kcfs while outflows averaged 60.5

kcfs.  The April flood control target determined by USACE was 1283.3 feet AMSL (Table 4).

The actual end of April reservoir elevation was 1221.0 feet AMSL, 62.3 feet below the flood con-
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trol target.

In May, outflows (47.9 kcfs) were much smaller than inflows (106.2 kcfs), resulting in 50

feet of reservoir refill at Grand Coulee.

The Grand Coulee reservoir did not refill during 2001.  The full pool elevation at Grand

Coulee is 1290.0 feet AMSL; the maximum elevation achieved at Grand Coulee during 2001 was

1284.6 feet AMSL on July 11th, 2001 (Table 5).  Based on the July final April-August runoff vol-

ume forecast, the BiOp called for draft at Grand Coulee to be limited to 1278 feet AMSL by the

end of August to benefit summer juvenile fish migration.  At the end of August in 2001, the Grand

Coulee reservoir was at 1278.3 feet above MSL, 0.3 feet above the BiOp draft limit. 

Hungry Horse

During WY 2001, the Hungry Horse reservoir was primarily operated to meet power gen-

eration needs and the Columbia Falls minimum flow requirements.  Over the first half of WY

2001, Hungry Horse drafted water; beginning the water year on October 1, 2000 at 3535.9 feet

AMSL and ending the draft period on April 24th at 3487.6 feet AMSL.  Beyond April 24th 2001,

FIGURE 5. Inflows, outflows, and reservoir elevations at the Grand Coulee reservoir over Water Year 
2001.
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Hungry Horse was refilled reaching a maximum of 3543.2 feet AMSL on July 20th, 2001.

Figure 6 displays the operation of the Hungry Horse reservoir over WY 2001.

Throughout the spring and summer of 2001, the Hungry Horse reservoir was drafted and

refilled.  In March, outflows averaged 2.5 kcfs and inflows 0.5 kcfs, resulting in a 7.1 feet of res-

ervoir draft.  The end of March flood control target for Hungry Horse was 3555.2 feet AMSL; the

actual elevation of the reservoir was 3491.6 feet (Table 4), a difference of 63.6 feet.  The esti-

mated April 10th BiOp target elevation for the Hungry Horse reservoir was 3555.9 feet AMSL;

the actual reservoir elevation on April 10th was 3489.7 feet AMSL, a difference of 66.2 feet

(Table 6).  In April, outflows were slightly larger than inflows; outflows averaged 2.0 kcfs and

inflows averaged 1.9 kcfs (Table 7).  The end of April flood control target was 3558.2 feet

AMSL; the actual elevation at the end of April was 3491.8 feet, a difference of 66.4 feet.   

In May of 2001, the Hungry Horse reservoir began to refill, as a result of increases in

spring runoff.  May outflows averaged 0.5 kcfs (the minimum) and inflows averaged 10.4 kcfs,

resulting in 32.5 feet of reservoir refill.  Similarly, outflows in June of 2001 averaged 0.5 kcfs and

inflows averaged 6.4 kcfs, resulting in 15.4 feet of refill.  Lastly, July inflows at Hungry Horse

averaged 1.5 kcfs, where as, July outflows averaged 1.0 kcfs, resulting in 1.4 feet of refill

(Table 7).  The Hungry Horse reservoir reached a maximum level of 3543.2 feet AMSL on July

20th, 2001 (Table 5).  The full pool elevation for Hungry Horse is 3560.0 feet AMSL (Table 5).

Therefore, during WY 2001, the Hungry Horse reservoir did not reach its full pool elevation by

June 30th, as recommended in the Biological Opinion (BiOp).  Furthermore, the BiOp recom-

mends limiting draft by August 31st to 3540 feet AMSL at Hungry Horse.  The actual elevation of

Hungry Horse was 3539.4 feet AMSL on August 31st, 2001; 0.6 feet below the BiOp recommen-

dation. 
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2. Run-of-the-River Projects

On April 3rd, 2001 BPA declared a power emergency that was in effect for the Biological

Opinion period.  As a consequence, many of the Endangered Species Act and the Biological

Opinion measures were suspended.  Generally, flows at the run-of-the-river projects were well

below the BiOp flow requirements.  

Lower Granite 

According to the Biological Opinion, the spring flow objective at the Lower Granite Res-

ervoir ranges between 85-100 kcfs, depending on the April final water supply forecast (April-

July) at Lower Granite.  In 2001, the April final water supply forecast (April-July) was 14100

Kaf, or 14.1 Maf.   According to the BiOp, if the April final water supply forecast (April-July)

were less than 16 Maf the flow objective would be 85 kcfs at Lower Granite between April 3rd

and June 20th.  Figure 7 displays the Biological Opinion flow objective and the actual flows

between April 3rd and June 20th, 2001 at Lower Granite.

FIGURE 6. Inflows, outflows, and reservoir elevations at the Hungry Horse reservoir over Water Year 
2001
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FIGURE 7. The Biological Opinion spring flow objective and the actual flows between April 3rd and June 
20th, 2001 at Lower Granite.

FIGURE 8. The 2001 Biological Opinion summer flow objective and the actual flows between June 21st 
and August 31st at Lower Granite.
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The average flows at Lower Granite from April 3rd to June 20th, 2001 were 47.5 kcfs, well

below the BiOp target of 85 kcfs.  Furthermore, from Figure 7, only two of the 78 days represent-

ing the period from April 3rd to June 20th contained flows of 85 kcfs or more. 

The summer flow objective at the Lower Granite Reservoir ranges between 50-55 kcfs,

depending on the June final water supply forecast at Lower Granite.  In 2001, the June final water

supply forecast was 14800 Kaf, or 14.8 Maf.  According to the BiOp, if the June final water sup-

ply forecast were less than 16 Maf the flow objective would be 50 kcfs at Lower Granite between

June 21st and August 31st.  Figure 8 displays the Biological Opinion flow objective and the actual

flows between June 21st and August 31st, 2001 at Lower Granite. 

The average flows at Lower Granite from June 21st to August 31st, 2001 were 25.4 kcfs,

well below the BiOp target of 50 kcfs.  Furthermore, from Figure 8, zero of the 72 days represent-

ing the period from June 21st to August 31st contained flows of 50 kcfs or more. 

Priest Rapids

According to the Biological Opinion, the spring flow objective at the Priest Rapids reser-

voir is 135 kcfs from April 10th to June 30th.  Figure 9 displays the BiOp target flow (135 kcfs)

along with the actual recorded flows at Priest Rapids from April 10th to June 30th.  The average

flow at Priest Rapids between April 10th and June 30th was 76.7 kcfs.  From Figure 9, zero of the

82 days representing the period from April 10th to June 30th contained flows of 135 kcfs or more. 
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According to the Biological Opinion, the spring flow objective at McNary ranges between

220 and 260 kcfs from April 10th to June 30th.  The actual BiOp flow is to be determined by the

final April water supply forecast at The Dalles (April-August).  Because the April final forecast at

The Dalles (April-August) was less than 80 Maf, the flow objective at the McNary reservoir was

220 kcfs.  Figure 10, displays the BiOp target flow (220 kcfs) along with the actual recorded

flows at McNary from April 10th and June 30th.  The average flow at McNary between April 10th

and June 30th was 123.9 kcfs.  From Figure 10, zero of the 82 days representing the period from

April 10th to June 30th contained flows of 220 kcfs or more. 

The summer flow objective at the McNary Reservoir is 200 kcfs between July 1st and

August 31st.  In 2001, the average flow at McNary was 90.9 kcfs between July 1st and August

31st.  Figure 11 displays the Biological Opinion flow objective and the actual flows between July

1st and August 31st, 2001 at the McNary reservoir.

FIGURE 9. The Biological Opinion spring flow objective and the actual flows between April 10th and June 
20th, 2001 at Priest Rapids.
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FIGURE 10. The Biological Opinion spring flow objective and the actual flows between April 10th and 
June 20th, 2001 at McNary.

FIGURE 11. The Biological Opinion summer flow objective and the actual flows between July 1st and 
August 31st, 2001 at McNary.
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Bonneville

In 2001, the Federal Columbia River Power System (FCRPS) provided flows that sup-

ported chum spawning in the Ives Island area below the Bonneville Dam.  Based upon early

hydrologic data, the BiOp called for average flows of 125 kcfs at Bonneville at the start of spawn-

ing, approximately November 1st through December 31st.  From December 31st to the end of

emergence (approximately April 10th), the BiOp suggested that flows average 125 kcfs, but did

not exceed 150 kcfs.  Over WY 2001, flows at Bonneville averaged 138.6 kcfs from November

1st to December 31st, 2001 and did not fall below the 125 kcfs minimum (Figure 12).  From Janu-

ary 1st to April 10th, flows at Bonneville averaged 129.1 kcfs; however, fell below 125 kcfs for a

portion of this period.  Also, flows at Bonneville averaged above 150 kcfs for two of the days

between January 1st and April 10th.  Figure 12 displays daily flows at Bonneville in addition to

the BiOp minimum and maximum flows. 

FIGURE 12. The Biological Opinion minimum and maximum flow objectives and the actual flows between 
November 1st and April 10th, 2001 at Bonneville.
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3. Canadian Projects

Arrow

Arrow began the 2001 Water Year at 1430.2 feet AMSL.  From the beginning of October

to December 2nd, the water surface elevation at Arrow increased only 1.9 feet, increasing to

1432.1 feet AMSL.  During this period, inflows averaged 37.8 kcfs and outflows 35.8 kcfs.  From

December 3rd to May 22nd the Arrow reservoir drafted water to an elevation of 1385.2 feet

AMSL.  During this period, inflows averaged 28.8 kcfs and outflows averaged 43.5 kcfs.  From

May 23rd to August 3rd, 2001, the Arrow reservoir refilled to and elevation of 1412.2 feet AMSL.

Beyond August 3rd, Arrow was drafted to an elevation of 1399.8 feet AMSL on September 30th,

2001.  Figure 13, demonstrates the operation of the Arrow reservoir over the 2001 Water Year. 

Duncan

Duncan began the 2001 Water Year at 1867.5 feet AMSL.  From the beginning of October

to January 13th, the Duncan reservoir was drafted to an elevation of to 1794.4 feet AMSL.  During

this period, inflows averaged 1.1 kcfs and outflows 5.8 kcfs.  From January 14th to April 20th the

FIGURE 13. Inflows, outflows, and reservoir elevations at the Arrow reservoir over Water Year 2001.
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Duncan reservoir water surface elevation remained steady, both inflows and outflows averaging

0.6 kcfs.  From April 21st to August 4th, 2001, the Duncan reservoir refilled to an elevation of

1875.8 feet AMSL.  Beyond August 4th, Duncan was drafted to an elevation of 1845.1 feet AMSL

on September 30th, 2001.  Figure 14, demonstrates the operation of the Duncan reservoir over the

2001 Water Year. 

Mica

Mica began the 2001 Water Year at 2449.2 feet AMSL.  From the beginning of October to

April 26th, the Mica reservoir was drafted to an elevation of to 2344.8 feet AMSL.  During this

period, inflows averaged 5.2 kcfs and outflows 24.8 kcfs.  From to April 26th to September 3rd the

Mica reservoir refilled to an elevation of 2435.2 feet AMSL.  Beyond September 3rd, Mica was

drafted to an elevation of 2429.1 on September 30th, 2001.  Figure 15, demonstrates the operation

of the Mica reservoir over the 2001 Water Year. 

FIGURE 14. Inflows, outflows, and reservoir elevations at the Duncan reservoir over Water Year 2001.
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D.  Conclusions

• Monthly 2001 precipitation at the Columbia River above Grand Coulee, the Snake River above

Ice Harbor, and the Columbia River above The Dalles averaged approximately 70% of average.  

• The 2001 January-July runoff at The Dalles was the second lowest in Columbia River recorded

history.

• The Brownlee storage reservoir operated near (i.e., 1.3 to 3.3 feet) its designated March and

April flood control targets and its April 10th BiOp target elevation.

• The Brownlee reservoir was very close (i.e., 1.5 feet) to its full pool elevation by June 30th of

2001, as suggested in the BiOp.

• The Dworshak reservoir was drafted well below (i.e., up to 69.5 feet) its designated March and

April flood control targets and its April 10th BiOp target elevation.

• Dworshak did not refill by June 30th of 2001; the full pool elevation at Dworshak is 1600 feet

and the maximum actual elevation achieved was 1587.5 feet AMSL on July 1st, 2001.

FIGURE 15. Inflows, outflows, and reservoir elevations at the Mica reservoir over Water Year 2001.
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• On August 31st, 2001, the Dworshak reservoir was at an elevation of 1520.5 feet AMSL, just

0.5 feet above the BiOp maximum draft limit of 1520 feet AMSL.

• The Libby reservoir was drafted well below (i.e., up to 61.0 feet) its designated March and

April flood control targets.

• Libby did not refill by June 30th of 2001,as suggested in the BiOp.

• The actual elevation of Libby was 2434.9 on August 31st, 2001; 4.1 feet below the BiOp max-

imum draft limit of 2439 feet AMSL.  

• The Grand Coulee reservoir was drafted well below (i.e., up to 63.1 feet) its designated March

and April flood control targets and its April 10th BiOp target.

• Grand Coulee did not refill by June 30th of 2001,as suggested in the BiOp.

• The actual elevation of Grand Coulee was 1278.3 on August 31st, 2001; 0.3 feet above the

BiOp maximum draft limit of 1278.0 feet AMSL.  

• The Hungry Horse reservoir was drafted well below (i.e., up to 66.4 feet) its designated March

and April flood control targets and its April 10th BiOp target.

• Hungry Horse did not refill by June 30th of 2001,as suggested in the BiOp.

• The actual elevation of Hungry Horse was 3539.4 on August 31st, 2001; 0.6 feet below the

BiOp maximum draft limit of 3540.0 feet AMSL.  

• The average spring flows at Lower Granite from April 3rd to June 20th, 2001 were 47.5 kcfs,

well below the BiOp target of 85 kcfs.  

• The average summer flows at Lower Granite from June 21st to August 31st, 2001 were 25.4

kcfs, well below the BiOp target of 50 kcfs.

• The average spring flow at Priest Rapids between April 10th and June 30th were 76.7 kcfs,

well below the BiOp target of 135 kcfs. 

• The average spring flow at McNary between April 10th and June 30th was 123.9 kcfs; again,

well below the BiOp target of 220 kcfs. 

• The summer flow objective at the McNary Reservoir was 200 kcfs between July 1st and

August 31st; in 2001, the average flows at McNary during this time period were 90.9 kcfs. 
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II.  2000 SPILL MANAGEMENT

A.  Spill

1. Overview

An ESA Section 7 Biological Opinion (Opinion) on the operation of the Federal Columbia

River Power System was issued in March of 1995. The Opinion established a set of reasonable

and prudent alternatives (RPA) with the objective of improving the operation and configuration of

the federal power system to meet a no jeopardy requirement of the Endangered Species Act

(ESA), and to fulfill the United States commitment to uphold tribal treaty fishing rights. One of

the RPA established a Biological Opinion spill program for fish passage.

In May of 1998, the NMFS issued a Supplemental Biological Opinion (Supplemental

Opinion) to the Biological Opinion signed on March 2, 1995. The Supplemental Biological Opin-

ion was developed in part to address the needs of the newly listed as threatened Snake River steel-

head and the Lower Columbia River steelhead, as well as the endangered Upper Columbia River

steelhead. The Supplemental Biological Opinion called for additional spill to the gas caps on a

system-wide basis to provide further benefits to steelhead, while also increasing the survival of

Snake River spring/summer and fall chinook and sockeye. To the extent that the fish passage effi-

ciency (FPE) at some projects will exceed 80%, this additional spill supplements 1995 RPA Mea-

sure 2 for an interim period pending decisions regarding biologically based performance

standards for project passage.

The Supplemental Opinion also modified the planning dates for the initiation and duration

of the spill program. The planning dates start spill earlier in both the Snake and lower Columbia

rivers, with the actual initiation of the spill program dependent on the presence of juvenile

migrants based on in-season fish monitoring information. 

The National Marine Fisheries Service again modified spill in the 2000 Biological Opin-

ion issued in December of 2000. In the Biological Opinion spill at Lower Monumental Dam was

increased from a 12-hour period to a 24-hour period. At The Dalles Dam the instantaneous spill

level was decreased significantly from 64% of instantaneous flow to 40% of instantaneous flow.

Spill at John Day and Bonneville dams remained unchanged from the 1998 Supplemental Biop,

but the Spill Plan Agreement called for the initiation of a daytime spill test at John Day Dam and
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a test of increasing daytime spill volume at Bonneville Dam. 

The purpose of the spill program is to improve the downstream passage of ESA listed

stocks by providing a route with less associated mortality than turbine passage. It is recognized

that spilling water generates atmospheric gas supersaturation of the river that can have detrimen-

tal effects on fish. In providing spill as an alternate passage route the associated mortality due to

dissolved gas supersaturation needs to be balanced against mortality of turbine passage. In most

near normal and above normal water years the cost to implement spill is mostly absorbed by

excess generation and excess hydraulic capacity spill (see past years' Fish Passage Center Annual

Reports). However, in 2001 the cost of spill was at the center of most all the pre-season and in-

season discussions that occurred.

The average monthly flows that occurred at Lower Granite and McNary Dams are con-

tained in Table 8.

2. Spill Planning

Spill planning in 2001 was significantly different than what occurred in past years'. Early

in the year it was apparent that the runoff volume for the 2001 water year would be significantly

below average. In early February of 2001, the Bonneville Power Administration developed and

presented to the region proposed contingency operations for the hydrosystem based on an early

forecast that runoff volume at The Dalles was predicted to be 63% of average. These operations

included a reduced spring/summer spill program.

BPA declared a power emergency on February 12 that lasted through February 20th. Dur-

ing February and March BPA presented the results of several different studies they conducted

illustrating the difficulty they were facing for maintaining financial solvency and meeting firm

load given the power system reliability and West coast power prices and the requirements of

meeting Biological Opinion mitigation measures. Spill for fish passage was particularly conten-

TABLE 8.  Average monthly flows at Lower Granite and McNary dams in 2000 & 2001.

Average Monthly Flow (kcfs)  
Month Lower Granite McNary 

April 90.2 35.1 254.9 107.7 

May 84.1 63.2 255.4 129.6 

June 68.4 35.7 206.4 158.0 

July 37.8 26.6 166.7 84.9 

August 25.9 23.8 140.4 96.8 
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tious in these discussions because of its direct cost in terms of foregone power generation. 

On April 3 BPA again declared a Power Emergency that was in place for the rest of the

Biological Opinion period. No spill was proposed for the near term based on the Northwest Power

Planning Councils' identification of potential power system reliability problems during the spring

and summer of 2001, as well as the impact of spill for fish passage on West coast energy prices

and power system reliability. However, at the April 28th Regional Executives meeting BPA

agreed to develop contingency proposals for spill implementation at specific megawatt month

levels (200, 400, 600 and 800 MW months). Discussions continued throughout the early part of

May regarding the ability to implement a modified-reduced spill program. The implementation of

spill was dependent on the resolution of a "spill swap" agreement between the federal hydrosys-

tem and the Grant County PUD.  The "spill swap" agreement provided for reduced spill in the fed-

eral hydrosystem during May, however, if the water supply decreased then Grant County PUD

would reduce its summer spill to account for the reduction of runoff. This agreement had to be

approved by the Federal Energy Regulatory Commission (FERC) before it could be implemented.

The BPA Administrator made the decision to go forward with spill implementation prior

to approval by FERC, and spill began at Bonneville and The Dalles dams on May 16th. The lim-

ited spill program was scheduled to last for an equivalent of 300 MW months, which was esti-

mated at 19 days. On the evening of May 25th McNary and John Day dams were added to the

spill program (estimated to reach 300 MW months and end on June 2, 2001). On June 1 the Fed-

eral Executives agreed to go beyond the 300 MW months and extend spill to 600 MW months,

which was estimated to end on June 15th. The FERC approved the "spill swap" between BPA and

Grant County PUD during this period. Spring spill in the lower Columbia River ended at midnight

on June 15th.

A summer spill program was discussed in mid and late June and rejected by BPA because

reliability criteria could not be met. Considerable concern was raised regarding the power system

reliability for the upcoming summer, fall and winter.   Discussions continued through mid July

based on the biological benefits for fish from the spill action. A total of 200 MW months of spill

was provided to TMT to develop details for implementation. Summer spill occurred at The Dalles

and Bonneville dams. The spill program continued until August 31 and subsequently totaled 411

MW months based on improved summer storage accomplished by BPA, which lead to a lower

reliability risk.
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The decision to spill in 2001 was made well into the spring and summer migrations. Sub-

sequently, while spill did provide protection to a proportion of the run, it did not provide protec-

tion to a large segment of the run.

3. Total Dissolved Gas Waivers

In 2001, a waiver of the water quality standard for total dissolved gas supersaturation

(TDGS) was granted. Unlike past years when the NMFS made the request, the waiver was

granted to the US Army Corps of Engineers. Because of the risk associated with dissolved gas

supersaturation, the requested waiver was for a twelve-hour average of 115 and 120 percent

TDGS in the forebay and tailrace of a project, respectively. The waivers were granted for the 2000

season by the Oregon and Washington state water quality agencies. No spill waiver was provided

by the State of Idaho or the Nez Perce Tribe for the 2001 fish migration. Therefore, total dissolved

gas levels were limited to the 110% level in these jurisdictions. 

4. Spill Implementation

a.  Snake River 

The water conditions during 2001 were significantly below average in terms of volume

runoff. Spring flows in the Snake River were predicted to be less than the average of 85 Kcfs.

Under these conditions the Biological Opinion calls for the suspension of spill at the transport col-

lector projects (Lower Granite, Little Goose and Lower Monumental dams) and for the maximiza-

tion of transportation. Consequently, no spill occurred at these projects. In addition, due to the

declared power system emergency spill was suspended at Ice Harbor Dam as well.    

Ice Harbor Dam

The Biological Opinion specifies an instantaneous spill level of 45 Kcfs during the day

and 100 Kcfs during the night from April 3 through August 31 (planning dates). In 2001 spill at

this project was suspended throughout the spring and summer migrations due to the declared

power emergency.

b.  Lower Columbia River

The 2001 water year was significantly below average in the lower Columbia River. The

need for spill was discussed through the beginning of the spring migration after BPA declared a

continuing power emergency on April 3, 2001. As a result of several meetings among the federal
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executives there was agreement to implement modified spring and summer spill programs at spe-

cific megawatt-month levels. As discussed previously, spill in 2001 was accounted for on the

basis of MW-months of energy.

McNary Dam

The 2000 Biological Opinion calls for spill at McNary Dam at a level equal to 50% of

instantaneous discharge (up to the 120% TDGS gas cap, estimated at between 120-150 Kcfs) for a

12-hour period daily between April 10 and June 30 (planning dates). Spill in 2001 occurred begin-

ning on the evening of May 25th and continued through midnight on June 15th. Spill was equal to

an instantaneous level of 30 Kcfs from 1800 to 0600 hours on an every other night basis. On the

non-spill days, transportation occurred from this project. The 2000 Biological Opinion does not

call for spill at McNary during the summer period. 

John Day Dam

According to the Biological Opinion spill at John Day Dam should be to the gas cap, lim-

ited to 60% of total flow below 300 Kcfs for tailrace conditions, and is expected to vary between

85 and 160 Kcfs for 11 to 12 hours nightly between April 10 and August 31 (planning dates).

Spring spill in 2001 occurred between May 25 and June 15 and no summer spill occurred.

FIGURE 16. McNary Dam Daily Average Flow 2001.
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Spill Survival

Most PIT tagged yearling chinook and steelhead passage McNary Dam between May 1

and June 9 in 2001. During this time there were 138,205 PIT tagged yearling chinook and 5,328

PIT tagged steelhead detected at McNary Dam on a route that confirmed they were returned to the

river. The PIT tagged yearling chinook were blocked into nine multi-day passage groups, span-

ning May 1-10, May 11-15, May 16-18, May 19-21, May 22-23, May 24-25, May 26-27, May 28-

30, and May 31-June 9. The Cormack-Jolly-Seber (CJS) methodology was used with McNary

Dam considered the release location and John Day Dam, Bonneville Dam, and the NMFS trawl in

the Jones Beach section of the lower Columbia River as three recovery sites. Release numbers per

block ranged between 11,883 and 25,778 and provided detection numbers in the trawl between

137 and 301 fish (average 220), large enough to provide survival estimates in the lowest reach

between John Day Dam tailrace and Bonneville Dam tailrace with standard errors (c-hat adjusted)

<0.14. The c-hat adjustment increases the CJS theoretical variance to compensate for over-disper-

sion in the data relative to the underlying multinomial model. The product of two reach survival

estimates (McNary Dam tailrace to John Day Dam tailrace survival estimate and John Day Dam

tailrace to Bonneville Dam tailrace survival estimate) produced the overall survival estimate from

FIGURE 17. John Day Dam Daily Average Flow and Spill 2001
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McNary Dam tailrace to Bonneville Dam tailrace. The estimates of these survival parameters are

negatively correlated (i.e., if survival in the upstream reach is overestimated, then the survival in

the downstream reach will be underestimated), and so the variance of S1*S2 was computed using

Meyer's (1975) formula var (S1*S2) = (S1*S2)2 {var(S1)/(S1)2+var(S2)/(S2)2+2cov(S1,S2)/

(S1*S2)}. The computation used the identity cov(S1,S2) = se(S1)*se(S2)*correlation(S1,S2).

Both season unweighted and weighted averages are computed. A seasonal weighted average is

generated using the inverse relative variance of each estimate as a weight, i.e., wj=1/(se(Sj))2/

Sj2= Sj2/(se(Sj))2. 

Whenever the survival estimates of the groups released over time do not significantly dif-

fer, a single seasonal average is a logical summary statistic. However, if significant differences

occur over time, then it is important to present these differences and investigate potential influ-

encing factors. To determine if any significant differences occurred within a year, a test of

whether the "between group" variance component was significantly greater than zero (Burnham

1987 et al., Chapter 4). This is a chi-square test equal to [empirical variance of mean survival*(1-

degrees of freedom)]/ [theoretical variance of mean survival]. In cases where the chi-square test

was not significant at the 95% confidence level, then the average was computed for the season;

otherwise, the season was split into periods showing the different survival levels. The chi-square

test value of 8.25 was not significant (less than the significance level of ∴2[8 df, 0.05] = 15.51),

TABLE 9. Yearling chinook survival estimate from McNary Dam tailrace to Bonneville Dam tailrace, 2001

Date Range       S    se(S) 

5/1-5/10 0.3978 0.0470 

5/11-5/15 0.5477 0.0852 

5/16-5/18 0.5069 0.0661 

5/19-5/21 0.5261 0.0817 

5/22-5/23 0.6437 0.0804 

5/24-5/25 0.5969 0.0615 

5/26-5/27 0.6755 0.0783 

5/28-5/30 0.5690 0.0990 

5/31-6/9 0.4830 0.1249 

Weighted mean 0.5598 0.0309 

Simple mean 0.5496 0.0282 
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and so temporal differences were not greater than what is expected by random chance.

Yearling chinook reach survival estimates from McNary Dam tailrace to John Day Dam

tailrace in 2001

 Although the overall reach did not show signs of significant differences over time, the

shorter reach from McNary Dam tailrace to John Day Dam tailrace was emerging as a reach were

differences may be occurring. Within the shorter reach, the release numbers per block were pro-

viding detection numbers at Bonneville Dam between 1,657 and 2,959 fish (average 2,137), large

enough to provide survival estimates in the reach between McNary Dam tailrace and John Day

Dam tailrace with standard errors (c-hat adjusted) <0.063.

Estimated survival of yearling chinook from McNary Dam tailrace to John Day Dam tail-

race in 2001 ranged from around 76% early in the season to around 93% late in the season. The

chi-square test value of 25.47 was significant (greater than the significance level of ∴2[8 df, 0.05]

= 15.51), and so temporal differences were greater than what is expected by random chance. This

lead to the need to determine during which date ranges the significant changes in survival were

occurring.  As shown in Figure 18, the first four periods through May 21 appeared to have lower

survival than during the next five periods.  Chi-square tests of the temporal survival estimates

within each of these two extended periods showed non-significant values of 3.04 (less than the

significant level of ∴2[3 df, 0.05] = 7.81) and 4.21 (less than the significant level of ∴2[4 df,

0.05] = 9.49), respectively.  It was apparent that the migration was split into two extended blocks

TABLE 10. Yearling chinook survival estimate (S) from McNary Dam tailrace to John Day Dam tailrace, 
2001, along with estimated collection efficiency (ce) at John Day Dam.

Date Range S se(S) ce se(ce) 
5/1-5/10 0.7660 0.0195 0.4306 0.0116 
5/11-5/15 0.8148 0.0240 0.4133 0.0105 
5/16-5/18 0.7647 0.0265 0.3336 0.0094 
5/19-5/21 0.8080 0.0341 0.2980 0.0101 
5/22-5/23 0.8505 0.0373 0.1822 0.0088 
5/24-5/25 0.9322 0.0363 0.1916 0.0073 
5/26-5/27 0.8418 0.0267 0.2512 0.0088 
5/28-5/30 0.9326 0.0625 0.1809 0.0090 
5/31-6/9 0.9268 0.0536 0.2138 0.0074 
Weighted mean 0.8238 0.0204 ------ ------- 
Simple mean 0.8486 0.0226 0.2772 0.0325 
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of time, pre- and post-May 21, during which survival was fairly homogenous within the temporal

block but significantly different between temporal blocks.    The collection efficiency at John Day

Dam for also was showing a difference between the pre-May 21 and post-May 21 temporal blocks

(Table 10 and Figure 18), dropping from 43% to 30% during the first four periods, and fluctuating

between 18% and 25% during the last five periods.  For the four periods through May 21 and five 

periods after May 21, 2001, the unweighted mean survival estimate for yearling chinook from

McNary Dam tailrace to John Day Dam tailrace was 78.8% and 89.7%, respectively (Table 11

and Figure 19).  This reflects an approximate 14% increase in survival between the pre- and post-

May 21 temporal blocks.  The collection efficiency at John Day Dam for yearling chinook

dropped from an average of 37%  to 20% between the pre-May 21 and post-May 21 temporal

blocks (Table 11).  The question of whether this same trend in survival and collection efficiency

was occurring with steelhead was also investigated.

FIGURE 18. Yearling chinook survival from McNary Dam tailrace to John Day Dam tailrace and 
collection efficiency at John Day Dam in 2001
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Steelhead reach survival estimates from McNary Dam tailrace to John Day Dam tail-

race in 2001

 Because the number of PIT tagged steelhead passing McNary Dam in 2001 was only

about 4% of the number of PIT tagged yearling chinook, it was not possible to create more than a

couple of periods over the steelhead migration season.  Therefore a pre- and post-May 21 set of

periods was established for steelhead with 2,163 PIT tagged steelhead in the May 1-21 period and

3,165 PIT tagged steelhead in the May 22-June 9 period.  These release numbers for the two

blocks were providing detection numbers at Bonneville Dam of 272 and 308 fish, respectively,

large enough to provide survival estimates in the reach between McNary Dam tailrace and John

TABLE 11. Yearling chinook and steelhead survival estimates (S) from McNary Dam tailrace to John Day 
Dam tailrace, 2001, along with estimated collection efficiency (ce) at John Day Dam (unweighted mean 
estimates for yearling chinook; single point estimates for steelhead).

FIGURE 19. Yearling chinook survival from McNary Dam tailrace to John Day Dam tailrace in 2001

Date Range Blocks S se(S) ce se(ce) 
YEARLING CHINOOK 

    

5/1-5/21 4  0.7884  0.0134  0.3689  0.0317  
5/22-6/9 5  0.8968  0.0207  0.2039  0.0132  

STEELHEAD     
5/1-5/21 1 0.3138 0.0201 0.3993 0.0291 
5/22-6/9 1 0.3807 0.0563 0.0963 0.0164 
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Day Dam tailrace with standard errors <0.057.  The point estimate of survival estimate for steel-

head from McNary Dam tailrace to John Day Dam tailrace was 31.4% and 38.1%, respectively, in

the pre- and post-May 21 temporal blocks (Table 10 and Figure 18).  This reflects an approximate

21% increase in survival between the two blocks, which was 7 percentage points higher than esti-

mated for yearling chinook.  The collection efficiency at John Day Dam for steelhead dropped

from 40% to 10% between the pre-May 21 and post-May 21 temporal blocks (Table 10). 

Effects of John Day Dam spill on smolt survival in 2001

It was apparent that both yearling chinook and steelhead passing McNary Dam after May

21 experienced conditions that improved their in-river survival.  No spill occurred at John Day

Dam in 2001 prior to May 25, so nearly all yearling chinook and steelhead passing McNary Dam

between May 1 and May 21 would pass John Day Dam before the spill commenced.  Most year-

ling chinook and steelhead passing McNary Dam between May 22 and June 9 would pass John

Day Dam during the spill period of May 25 to June 15.  Spill volume during the 22-day spill

period average 13.2% of the daily average flow at John Day Dam (Table 11).  Estimated collec-

tion efficiency dropped approximately 45% for yearling chinook and 75% for steelhead when the

third route of passage, i.e., spill, was added between May 25 and June 15 (see Table 10), indicat-

ing that during this time many smolts would now be using the spill route of passage.  So even

though the proportion of spill at John Day Dam was relatively low (averaging 13.2%), there

FIGURE 20. Steelhead survival from McNary Dam tailrace to John Day Dam tailrace in 2001.
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appears to be a large movement of both yearling chinook and steelhead passing through the spill

route under the extremely low flow conditions (averaging 138 kcfs) in the lower Columbia River

at that time.  Average flows in the lower Columbia River remained fairly similar for yearling chi-

nook and steelhead passing McNary Dam after May 1 (Table 12).  The lower average flows in

April would be experienced by smolts originating in tributaries below McNary Dam that were

migrating at that time.  Which stocks were passing John Day Dam before and during the spill

period of 2001 was the next question to address.

The Dalles Dam

According to the Biological Opinion spill at The Dalles should equal 40% of instanta-

neous floe for 24 hours during the spring and summer (April 10 through August 31).  In 2001 spill

was provided during the spring between May 16 and June 15th at a level approximately equal to

30% of instantaneous flow.  Summertime spill for fish passage in 2001 was provided at The

Dalles between July 24 and August 31 at a level approximately equal to 30% of instantaneous

flow.

 

TABLE 12.  Flow and spill conditions during springtime migration at John Day Dam in 2001.

FIGURE 21. The Dalles Dam Daily Average Flow and Spill 2001

Time period Average Flow Average Spill Spill percentage 
April 1 – April 14 113.7 kcfs None 0.0% 
April 15 – April 30 110.8 kcfs None 0.0% 

May 1 – May 24 132.3 kcfs none  0.0% 
May 25 – June 15 138.1 kcfs 18.2 kcfs 13.2% 
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Bonneville Dam

Spring Creek Hatchery Release 

The Oregon DEQ granted a waiver request for a variance of the total dissolved gas stan-

dard below Bonneville Dam from the USFWS for the 10-day spill period associated with the

Spring Creek Hatchery tule fall chinook release, as did the Washington Department of Ecology.

The Spring Creek Hatchery tule fall chinook are an important buffer to ESA listed stocks present

in ocean and Columbia River mixed stock fisheries.  Spill has been provided annually for this

stock because of its importance to fisheries.  In the past spill has been provided up to the 120%

TDGS gas cap for a period between five and ten days dependent on the juvenile fish passage at

the project. 

Recognizing the impacts that the much lower flows in 2001 and the potential for elevated

total dissolved gas levels with insufficient depth compensation over the redds may have on emer-

gent fall chinook in the Ives/Pierce Island complex below the Bonneville Project, spill was origi-

nally requested at an instantaneous level of 55 Kcfs for a period of up to 10 days.    Initially

Bonneville Power Administration would only agree to a level of 50 Kcfs for a 24-hour period,

based on the power and economic emergency situation.  After consideration, BPA agreed to 3 12-

hour periods of spill at the level of 50 Kcfs.  The fish were released from Spring Creek Hatchery

on March 8th.  Spill occurred the evenings of March 10th, 11th and 12th.  The non-spill opera-

tions requested for the release were continued through March 19th.  

According to the Biological Opinion spill at Bonneville Dam is to be provided during the

spring and summer (April 10 through August 31) at a rate up to the 120% gas cap during night-

time hours (90-150 Kcfs) and 75 Kcfs during daytime hours.  During the 2001 spring period (May

16 to June 15) spill occurred at a level equal to 50 Kcfs per hour for a 24-hour period daily.  Spill

during the summer months was equal to 45 Kcfs (July 24 - August 31) for 5 hours nightly  (2100

hours to 0100 hours the next day) until August 10th when the hours were modified so that spill

occurred for 24 hours daily until August 31st. 
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Stocks affected by the springtime spill

Yearling chinook and steelhead stocks that originated in the Walla Walla, Umatilla and

John Day rivers appeared to mostly pass John Day Dam in 2001 before the spill period com-

menced.  The percent of PIT tagged yearling chinook from the Umatilla and John Day rivers

detected at John Day Dam before the spill began was approximately 92% and 98%, respectively

(Table 13).  The percent of PIT tagged steelhead from the Walla Walla, Umatilla, and John Day

rivers detected at John Day Dam before the spill began was approximately 87%, 87% and 92%,

respectively (Table 14).  Yearling chinook from the Yakima River basin and yearling chinook and

steelhead originating in the Mid-Columbia River basin at or above Rock Island Dam had at least

50% of their detections during the spill period at John Day Dam.  The PIT tagged chinook and

steelhead from the Snake River basin also had detection percentages around 50% during the spill

period.  But since most unmarked chinook and steelhead were transported from the Snake River

basin in 2001, there would be very few smolts from that basin passing John Day Dam in-river at

any time in 2001.  

FIGURE 22. Bonneville Dam Daily Average Flow and Spill 2001.
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Summary and Conclusions

1 PIT tagged hatchery chinook released on alternating days at Rock Island and Rocky Reach dams in large numbers for

specific studies were omitted because they do not represent the timing of the run-of-the-river fish. 

B.  Summary and Conclusions

In summary, spill provisions in 2001 were limited based on power system reliability 

needs.  Juvenile survival through the power system was lower (see smolt survival section) than 

observed since PIT tag survival studies have been conducted.  Significant increases in survival 

between McNary Dam tailrace and John Day Dam tailrace were observed for both yearling chi-

nook and steelhead migrating past McNary Dam after May 21.  This time is coincident with the 

initiation of spill at John Day Dam, demonstrating the benefit of spill to overall fish survival in the 

hydrosystem.

TABLE 13. Proportion of PIT tagged yearling chinook detected at John Day Dam over specific periods of 
the 201 migration season.  May 25-June 16 was the only spill period at John Day Dam in 2001.

TABLE 14. Proportion of PIT tagged steelhead detected at John Day Dam over specific periods of the 2001 
migration season.  May 25 - June 16 was the only spill period at John Day Dam in 2001. 

Dates of PIT 
tag detections 
at John Day 
Dam 

Snake R 
basin 

Mid-Columbia R 
basin at/above 
Rock Island 
Dam1 

Yakima R 
basin 

Umatilla R 
basin 

John Day R 
basin 

Total 
detections 14,086 2,091 4,041 1,291 1,743 
3/30 – 4/30 0.0002 0.0000 0.0084 0.1332 0.5295 
5/1 – 5/24 0.3369 0.1836 0.3606 0.7854 0.4509 
5/25 – 6/15 0.5422 0.6738 0.5048 0.0736 0.0132 
6/16 – 9/15 0.1207 0.1425 0.1262 0.0077 0.0063 

Dates of PIT 
tag detections 
at John Day 
Dam 

Snake R 
basin 

Mid-Columbia R 
basin at/above 
Rock Island Dam 

Walla Walla 
R basin 

Umatilla R 
basin 

John Day R 
basin 

Total 
detections 440 59 23 1,005 97 
3/30 – 4/30 0.0045 0.0000 0.0000 0.1124 0.3093 
5/1 – 5/24 0.4841 0.1525 0.8696 0.7532 0.6082 
5/25 – 6/15 0.3886 0.5254 0.0870 0.1085 0.0825 
6/16 – 9/15 0.1227 0.3220 0.0435 0.0259 0.0000 
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The decision to spill was made well into the fish migration season.  Spill was provided too 

late to protect a significant proportion of the spring and summer migrants.  The role and overall 

importance of spill in affecting the survival of juvenile migrants should be recognized and provi-

sions to provide spill in every water year should be made.  Specific comments on the 2001 spill 

season are:

• The provision of spill for fish released from the Spring Creek Hatchery continued to be conten-

tious because they are hatchery fish released outside of the Biological Opinion spill program.

• Spill in the federal hydrosystem was based upon power system reliability and was limited in

time and volume.

• Spill was shown to improve juvenile survival at John Day Dam based on PIT tag recaptures.

• The duration of the spill program was too short to afford protection to all stocks migrating

through the lower Columbia River.

• With the lower fish guidance efficiency of the turbine intake screening devices (FGE) at dams

such as John Day and Bonneville dams compared to those in the Snake River and McNary

Dam, plus no screening devices at The Dalles Dam, spill is considered an important mitigation

for increasing the survival of smolts migrating through the lower Columbia River hydro sys-

tem.
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C.  Gas Bubble Trauma Monitoring and Data Reporting 

1. Overview

Monitoring of juvenile salmonids in 2001 for GBT was conducted at Bonneville Dam and

McNary Dam on the Lower-Columbia River, and at Rock Island Dam on the Mid-Columbia

River.  The Snake River monitoring sites were Ice Harbor Dam, Lower Monumental Dam, Little

Goose Dam, and Lower Granite Dam.  Sampling of fish began the first full week of April at all

sites and continued through mid-June at the Snake River sites, when the numbers of steelhead and

yearling chinook were too few to sample effectively. Subyearling chinook were not sampled in

the Lower Snake River due to their endangered status and because the Biological Opinion does

not call for the implementation of summer spill at the Snake River collector projects.  Sampling of

subyearling chinook did occur at Columbia River sites to the end of August.  

Sampling occurred two days per week at the Lower Columbia sites and once a week at

Lower Granite, Little Goose and Lower Monumental in the Snake River.  In previous years fish

were sampled every other day (3 to 4 days per week) at most facilities. The number of sampling

days was reduced in 1999, in order to decrease the number of fish handled. It was determined that

the reduced sampling effort would not significantly diminish the capability to detect the presence

of GBT in the migrating population.

The goal was to sample 100 salmonids of the most prevalent species (limited to chinook

and steelhead) during each day of sampling at each site.  Examinations of fish were done using a

variable magnification (6x to 40x) dissecting scopes.  The lateral line, both eyes, and unpaired

fins were examined for the presence of bubbles.  The bubbles present in the fins were quantified

using a ranking system based on the percent area of the fins covered with bubbles.  A rank of 0

was recorded when no bubbles were present; rank 1 was recorded when up to 5% of a fin area was

covered with bubbles; rank 2 was for 6% to 25%; rank 3 indicated 26% to 50% fin area was bub-

bled; and rank 4 indicated greater than 50% of a fin was covered with bubbles.  The left side lat-

eral line was examined for the presence of bubbles.  A similar ranking system to that used for the

fins was used to assign a rank to the percent lateral line occluded.  Based on the average number

of lateral line scales in chinook and steelhead, the length spanned by 7 lateral line scales was

equivalent to approximately 5% of the total length of the lateral line.  The scale approximation

was used as a guide to estimate percent occlusion. Then a rank was assigned based upon this
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approximation.  It was assumed that few fish would have greater than 5% lateral line occlusion.

The eyes of the fish were also examined and the eye with the highest amount of bubbles in it was

ranked using the same criteria as was used for the fins.  Additional information was recorded for

each fish including, species, age, race, rearing disposition, fork length, fin clips, and tags.  The

examination procedures were similar to those used in past years of the program.  

Sampling techniques varied somewhat based on the location.  This year all sampling sites

were at dams, where fish could be collected from the juvenile fish bypass system.  At those dams

where fish crossed separators the fish were collected as they entered the separator. At Bonneville

Dam fish were collected from the bypass trap that was sampled every 30 minutes from 4 pm to

midnight.  Rock Island Dam is the only site where fish were held in a tank (up to 24 hours) prior

to examination.

2. Results

A total of 12,634 juvenile salmonids were examined for GBT between April and August

(Table 15).  A total of 214 or 1.7% showed some signs of GBT in fins, eyes or lateral lines

(Table 16).

TABLE 15.  Number of juvenile salmonids examined for signs of GBT at dams on the Lower Snake River 
and on the Columbia River from April to August 2001 as part of the GBT Monitoring Program.

Fin signs were found in 9 or 0.1% of the fish sampled at all sites.  The fin signs were all

rank 1 meaning less than 5% fin area affected. The prevalence of GBT signs at Rock Island Dam

was higher than any other Columbia River site during the 2001 monitoring season.  Because the

Rock Island data may obscure other interannual trends in the occurrence of GBT signs among

 Site 

Species BON MCN LMN LGS LGR RIS Total 

Chinook Subyearlings 2,037 2,255 0 0 0 1,056 5,367 

Chinook Yearlings 941 926 578 352 356 701 3,854 

Steelhead 151 590 511 477 796 888 3,413 

Total 3,129 3,771 1,089 829 1,152 2,664 12,634 
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sites, it will be treated separately in the remainder of this report.

The percent of fish with any signs of GBT in 2001 of 0.1% was the lowest total since the

monitoring began in 1995.  At Lower Columbia River and Snake River sites (i.e. excluding Rock

Island) a total of 9,970 fish were examined with 107 (0.1%) exhibiting signs of GBT, compared to

0.2% in 2000, 1.4% in 1999, 1.6% in 1998, 4.3% in 1997, 4.2% in 1996 and 1.3% in 1995.

A total of 1 (0.001%) fish from the Lower Snake and Lower Columbia rivers showed fin

signs.  The fin sign found in 2001 was the lowest since monitoring began in 1995. The percent

signs over the past several years has been 0.2% in 2000, 0.3% in 1999, 1.0% in 1998, 3.2% in

1997 and 3.3% in 1996.  No severe fin GBT was found in Lower Snake and Lower Columbia

sampling. This is similar to 2000 and 1995 when no severe fin GBT was found. Other years

showed higher incidence of severe fin GBT; in 1998 four (0.01%) fish displayed severe fin signs,

1997 when 117 fish (0.27%) had severe fin signs (again exluding Rock Island) and 47 fish

(0.12%) in 1996 while in 1999 no severe signs were found.. 

The Biological Opinion Spill Program was managed using the data collected for total dis-

solved gas levels. However, signs of GBT in fins of juvenile fish, examined as part of the biologi-

cal monitoring, were used to compliment the physical monitoring program.  The NMFS set the

action criteria for the biological monitoring program at 15% prevalence of fish having fin signs or

5% with severe signs (rank 3 or greater) in fins. The NMFS action criteria were never exceeded in

2001  (based on dates when at least 30 fish of the species exhibiting signs were sampled).   There

were no exceedences of the NMFS action criteria in 2000, 1999 or 1998, but 23 dates when GBT

levels surpassed the action criteria in 1997, 20 in 1996, and there were no exceedences in 1995.

TABLE 16. Number of juvenile salmonids found with any signs of GBT at dams on the Lower Snake River 
and on the Columbia River from April to August 2000 as part of the GBT Monitoring Program

 Site 

Species BON MCN LMN LGS LGR RIS Total 

Chinook Subyearlings 1 18 0 0 0 12 31 

Chinook Yearlings 0 39 3 0 0 46 88 

Steelhead 0 44 1 0 1 49 95 

Total 1 101 4 0 1 107 214 
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The prevalence and severity of fin signs in juvenile salmonids sampled in the Lower

Snake and Lower Columbia rivers from 1995 to 2001 reflected changes in TDGS conditions in

the river from year to year.  In 1995 no fish had severe fin GBT and 1995 had the lowest number

of days with high TDGS (Table 17).  Also the occurrence of severe signs in 1996 and 1997, and

the increase in exceedences of the NMFS action criteria, reflected a significant increase in the

number of days when TDGS rose above 125% in the forebays of these dams (see Table 17 and

Table 18).  While in 1998 only 4 fish were found with severe fin GBT and 1 fish in 1999, reflect-

ing the more moderate conditions found in the river.

TABLE 17. The number of days when TDSG levels were above 120% and 125% at representative forebay 
monitors in the Lower Snake and Lower Columbia Rivers from April 1 to August 31.

 
2001 2000 1999 1998 1997 1996 

TDGS Monitor days 
>120 

days 
>125 

days 
>120 

days 
>125 

days 
>120 

days 
>125 

days 
>120 

days 
> 
125 

days 
>120 

days 
>125 

days 
>120 

days 
>125 

Lower Granite 0 0 0 0 0 0 0 0 0 0 0 0 

Little Goose 0 0 0 0 5 0 8 3 23 8 29 6 
Lower 
Monumental 0 0 0 0 7 2 14 8 61 31 64 33 

Ice Harbor 0 0 1 0 5 1 14 4 52 19 41 11 

McNary (Oregon) 0 0 0 0 3 0 0 0 46 0 30 4 

John Day 0 0 0 0 0 0 7 0 47 15 33 11 

Bonneville 0 0 0 0 0 0 3 0 65 27 45 6 

Total 0 0 1 0 20 3 46 16 294 100 242 60 
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a Based on dates when at least 30 fish of the species exhibiting signs were captured.

b More than 5% of fish showed severe signs on only 1 date in each year 1996 & 1997 and on those same dates the prevalence of 

fin signs was greater than 15%.

This year, as in previous years, the proportion of fish showing fin signs appears to be pro-

portional to the levels of TDGS experienced by fish. Also, Rock Island Dam continues to have the

highest proportion of fish with signs of GBT versus TDGS levels in the reach of river above the

dam. 

With such low spill volume there was no time at which total dissolved rose above 120% as

measured at forebay monitors (See Table 17). Indeed with such low gas levels as seen in 2001 it

would be unlikely that TDGS levels had much impact upon the migrant salmonids. While the low

percentage of fin signs reflect these conditions, with only 1 fish in the Lower Columbia or Snake

showing a fin bubble, there were 106 fish with lateral line bubble this season. Oddly this number

is similar when compared to other years. Over the years approximately 1% of fish examined show

signs of GBT. It is surprising, given the low levels of TDGS seen in 2001 that such a relatively

large number would be seen with lateral line signs. It points to the reason why lateral line signs

are less than ideal as an indication of exposure to high TDGS. Bubbles in the lateral line can be

found when gas levels are very low. McNary Forebay TDGS never exceeded 115% during the

season, and yet at that location 101 fish  were found with lateral line bubbles while no fish were

found with fin bubbles. While the proportion fin signs seem to fluctuate annually depending upon

TABLE 18. The number of days when NMFS GBT criteria of 15% prevalence or 5% severe signs were 
exceeded at sites in the Lower Snake and Lower Columbia rivers from April 1 to August 31.ab

Site 2001 2000 1999 1998 1997 1996 

Lower Granite 0 0 0 0 0 0 

Little Goose 0 0 0 0 1 1 
Lower 
Monumental 0 0 0 0 7 9 

Ice Harbor 0 0 0 0 3 2 

McNary 0 0 0 0 2 1 

John Day 0 0 0 0 1 4 

Bonneville 0 0 0 0 11 4 

Total 0 0 0 0 25 21 
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the migration conditions (see Figure 23). 

Given the poor relationship between percent fish with lateral line bubbles and the levels of

TDGS in the reach, the amount of time required to examine the lateral line, and the ephemeral

nature of lateral line bubbles from a monitoring program standpoint, we have decided it is no

longer of value to monitor lateral line bubbles.  When the waiver standards action criteria of

TDGS (5% severe or 15% prevalence of fin signs) were established, it was recognized that the lat-

eral line was not predictive and as such it was excluded as a possible metric for the standard short

of further evaluation. Having conducted lateral line exams using 15X magnification for six years

it is obvious that the lateral line should not be used as a metric for the TDGS action level. Lateral

line bubbles are ephemeral and can disappear relatively quickly by passing out through pores in

the lateral line canal. And since lateral line exams represent at least half the handling time during

examination, it seems that the risks associated with extended handling of fish and the lack of util-

ity for the data makes it imprudent to continue them. It appears that fin signs are more appropriate

to examine and that the waiver standards appropriately use them to measure the exposure of fish

to high TDGS levels during migration.

FIGURE 23. The annual percent fin GBT, days exceeding BiOp 15% prevalence or 5% severe fin signs, 
and percent lateral line GBT compared to high TDGS proportion at forebay monitors. Lateral line signs 
remain constant through years while fin signs fluctuate with relative TDGS levels.
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D.  Total Dissolved Gas Saturation

For 2001 the record low flows and power emergency translated into very low spill vol-

umes. And in general some of the lowest gas levels seen in recent years. With no spill in the Snake

River TDGS levels were basically ambient levels with gas levels highest at the forebay monitors.

No TDGS levels approached the waiver limits of 115% in the Snake River. At Lower Columbia

River sites gas levels never exceeded the 115%/120% waiver limits. There was spill in the lower

river, but again due to low discharge overall, the spill volumes were low and TDGS consequently

low as well.

Lower Snake River Projects

Gas levels ranged at or below 105% TDGS in tailwater monitors at all Lower Snake

projects and yet forebay values. Surprisingly, forebay monitors showed the highest gas levels,

with one day each at Little Goose and Lower Granite actually exceeding 110%. These high TDGS

levels were likely due to temperature spikes on hot, calm days. Tailwater gas levels were very low

compared to other years, and likely this difference from forebay monitors reflected a thermally

well mixed tailwater compared to potentially stratified near dam surface waters that are drawn

past the forebay sensors under certain operating conditions.

Lower Columbia River Projects

Gas levels at forebay monitors ranged below 115% at all sites this season. McNary and

Camas/Washougal showed the highest forebay readings on daily basis with both just over 112%.

The Dalles recorded the lowest forebay readings throughout the migration season with gas levels

never exceeding 106%. Warrendale, showed the highest tailwater gas levels with TDGS levels

reaching 115% on 5/23. Compared to other years, when BiOp spill levels or even uncontrolled

spill occurred, these gas levels were very low.

E.  Dissolved Gas and Gas Bubble Trauma Summary and Conclusions

In 2001 there very few fish with signs of GBT and this relates quite well with the low

TDGS levels found in the river this year. With only 1 fish displaying fin signs of GBT at Lower

Granite, and no other sites in the Lower Snake or Lower Columbia reporting fin signs, it was the

lowest level of incidence of GBT since monitoring began in 1995. 
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III.  2001 SMOLT MONITORING

A.  Smolt Monitoring Sites and 2001 Schedules.

Information on the status of the Columbia Basin salmonid smolt migration is collected

each year to aid the Fishery Agencies and Tribes in making management decisions beneficial to

smolt survival as they migrate from natal streams through the hydro system to the ocean.  The

Smolt Monitoring Program collects data on relative fish abundance at dams, fish migration timing

at traps and dams, fish travel time between monitoring sites, and fish survival from traps and

dams to downstream monitoring sites.  Some of this data are generated for each species from the

run-at-large and some of this data is generated from specially marked groups of fish.  All of this

data is collected for the purpose of in-season management of flows and spills and the post-season

evaluation of the effect of that year's management actions on migrating salmonids. 

This information is obtained from eleven monitoring sites in the Columbia River basin

(sites and dates of operation are presented in Table 19).  These monitoring sites include four traps

in tributaries above Lower Granite Dam, three dams on the lowerSnake River, one dam in the

mid-Columbia River reach, and three dams on the lower Columbia River.  During periods of mon-

itoring, the daily collection information from each of these sites is transmitted to the Fish Passage

Center (FPC), where it is stored and compiled into data summaries for distribution to interested

parties in the region.  This data is posted daily on the Fish Passage Center's web page at

www.fpc.org.  Fish were marked for the 2001 outmigration with either PIT (passage integrated

transponder) tags implanted in the fishes' gut cavity, color elastomer (plastic) tags, or freeze

brands.  SMP crews look for the elastomer and freeze brands in the samples at the sites and trans-

mitted this data daily to the FPC, while the PIT tags are generally electronically detected without

the need for fish handling and sent directly to the Pacific States Marine Fisheries Commission's

PTAGIS data system.

This chapter and associated appendices present data from the 2001 Smolt Monitoring Pro-

gram on the (1) collection counts at each monitoring site (plus relative magnitude [termed passage

index] at dams), (2) migration timing at key sites, (3) travel time between selected sites, and (4)

estimates of survival between selected sites.  Greater details of the sampling at the traps and dams

may be found in the individual reports prepared by the respective monitoring organizations.

Washington Department of Fish and Wildlife (WDFW) reports on sampling at Lower Granite, 
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Lower Monumental, Rock Island, and McNary dams.  Oregon Department of Fish and Wildlife

(ODFW) reports on sampling at Little Goose Dam and the Grande Ronde River trap.  Idaho

Department of Fish and Game (IDFG) reports on sampling at the traps on the Salmon and Snake

rivers.  Nez Perce Tribe (NPT) reports on the sampling at the Imnaha River trap.  Pacific States

Marine Fisheries Commission (PSMFC) reports on the sampling at John Day and Bonneville

dams.

TABLE 19.  Smolt monitoring sites and schedules for 2001.

* C = fish counts recorded

   FQ = fish quality including descaling and injury data obtained

          PIT = PIT tagging and release from site

         GBT(k) = gas bubble trauma measurements taken "k" days per week 

Site Sampling Method 
Dates of 

Operation 
Primary Fish 

Data* 
Salmon River trap 

(km103) 

Scoop trap 09:30 3/13 –  

  07:00 6/8 

C, FQ, PIT 

Imnaha River trap 

(km6.8) 

Screw trap(s) 

(1-2 traps) 

19:00 2/21 –  

  06:25 6/21 

C, FQ, PIT 

Grande Ronde River 

trap (km 5) 

Scoop trap 09:00 3/12 – 

  09:00 6/1 

C, FQ, PIT 

Snake River trap 

(km 225) 

Dipper trap 10:30 3/20 –  

  09:00 6/29 

C, FQ, PIT 

Snake River dams: 

Lower Granite Dam 

(km 173) 

Timed subsample from 

bypass 

09:00 3/25 –  

  07:00 10/31 

C, FQ, GBT(1) 

Little Goose Dam  

(km 113) 

Timed subsample from 

bypass 

07:00 4/1 –  

  07:00 10/31 

C, FQ, GBT(1) 

Lower Monumental 

Dam (km 67) 

Timed subsample from 

bypass 

07:00 4/1 – 

  07:00 10/31 

C, FQ, GBT(1) 

Columbia River dams: 

Rock Island Dam 

(km 730) 

Census of fish in 

volitional bypass at 

Powerhouse 2 

09:00 3/31 – 

  09:00 8/31 

C, FQ, PIT, 

GBT(2) 

McNary Dam  

(km 470) 

Timed subsample from 

bypass 

12:00 4/1 –  

  07:00 12/11 

C, FQ, GBT(2) 

John Day Dam  

(km 347) 

Timed subsample from 

bypass 

16:30 3/29 – 

  07:00 9/17 

C, FQ 

Bonneville Dam 

(km 234) 

PH 2: Timed sub-sample 

from bypass  

PH 1: trap sample 

07:00 3/12 – 

07:00 10/31 

4/9-7/29 (2-3 d/w) 

C, FQ 

 

FQ, GBT(2) 
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B.  Collection Counts and Relative Abundance. 

 In the March through October weekly reports prepared by the Fish Passage Center, a daily

passage index is presented for each species and rearing type available in the run-at-large.  As long

as these daily passage indices remain highly correlated with daily population abundance existing

at a given monitoring site, the fishery managers may use the daily passage indices to effectively

determine significant shifts in passage at that monitoring site.  The actual value of fish guidance

efficiency of the screens or effectiveness of spill is not required, only the existence of seasonal

stability of these factors is required.  The daily passage indices adjust for daily changes in spill

proportion under the conservative assumption that the proportion of fish passing through spill will

be close to the proportion of water being spilled.  For these reasons, when the Smolt Monitoring

Program began in 1984, the use of daily passage indices was chosen over attempts to estimate

daily absolute population sizes.  The daily passage index is computed by dividing the daily collec-

tion by the proportion of water passing through the powerhouse where the sampling takes place

(Table 20).  Since 1998, sampling at John Day Dam has been with a timed sample from the entire

powerhouse bypass system instead of only one gatewell slot as in prior years.  Since 2000, the

index sampling at Bonneville Dam is with a timed sample at the Powerhouse II bypass system

(prior years used timed trap samples from Powerhouse I 's bypass system).  Sampling at Power-

house I is now limited to 2-3 days per week for fish condition and gas bubble trauma observa-

tions.

  At monitoring sites where a sample timer is used to systematically divert a fixed propor-

tion of fish into a sample tank for processing, the resulting sample number is divided by the sam-

ple rate to arrive at the estimated collection number.  Post-season the daily passage indices are

summed for the season at a given site to provide an annual passage index for each species and

rearing type available.  This annual passage index reflects the strength of the particular run for the

given year.  The passage index is not applicable to the trap sites; therefore, only collection counts

are reported at the four traps.
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Legend:  PH=powerhouse flow; PH1=first powerhouse flow; PH2=second powerhouse flow;  SP=spill flow; and Unit3=tur-

bine unit 3 flow (note: all flows are 24-hr averages over the sample interval).

Table 21 presents the cumulative counts of salmonids at the four traps above Lower Gran-

ite Dam over the scheduled dates of operation in 2001.  These traps operated primarily on a 5 days

per week schedule (Sunday afternoon through Friday morning).  Sampling on the Imnaha River

often involves the use of two traps to increase the number of fish for PIT tagging purposes.  Trap

counts simply reflect how many fish were handled for timing, fish condition, and PIT tagging pur-

poses.  We do not have measures of trap efficiencies for any expansion to run size.  Data are

shown in 2001 aggregated across a mixture of wild and hatchery fish to the level of species.  This

is due to increased numbers of hatchery fish being released without fin clips in areas of the basins

where previously management required the clipping of fins of hatchery fish.

TABLE 20. Formulas to compute passage indices (collection/flow expansion factor) at dams.

Sampling Site Years Collection 
Flow Expansion 

Factor 
Rock Island Dam (PH 2) 1985-2001 Catch / 1 PH2/(PH1+PH2+SP) 

Lower Granite Dam 

Little Goose Dam 

Lower Monumental Dam 

McNary Dam 

1984-2001 

1984-2001 

1993-2001 

1984-2001 

Catch / sample rate PH/(PH+SP) 

John Day Dam (bypass) 

John Day Dam Unit 3 

1998-2001 

1984-97 

Catch / sample rate 

Catch / 1 

PH/(PH+SP) 

Unit3/(PH+SP) 

Bonneville Dam (PH 1) 1986-92 

1993-95 

1996-99 

8 hr catch / sample rate 

24 hr catch / sample rate 

8 hr catch / sample rate 

PH1/(PH1+PH2+SP) 

Bonneville Dam (PH 2) 2000-2001 24 hr catch / sample rate PH2/(PH1+PH2+SP) 
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Because all unclipped hatchery chinook released in tributaries above Lower Granite Dam

for the supplementation program in 2001 had a CWT or BWT implanted in the snout, SMP crews

at four sites -- Salmon River trap, Snake River (Lewiston) trap, Lower Granite Dam, and Lower

Monumental Dam -- used a CWT detector to look for these fish.  At all monitoring sites, SMP

crews continued to report collection data at the level of clipped and unclipped smolts, but the lack

of 100% fin clipping on all hatchery stocks of yearling chinook and steelhead has lead the FPC to

report collection and passage index data for chinook and steelhead only at the species level since

2000 in our weekly reports and annual report tables.  Because of IDFG's management need of an

estimate of wild yearling chinook outmigrating passed Lower Granite Dam each year, the FPC

made a split between hatchery and wild yearling chinook at that dam.  Based on ancillary data col-

lected at the Salmon River trap, it was apparent that the incidence of unclipped, not wired, year-

ling chinook with fin erosion characteristics typical of hatchery fish was very low this year.  The

mis-assignment of some 80 yearling chinook with these characteristics at the Salmon River trap

would result in an approximate 0.8% undercount of hatchery fish and 3.4% over-count of wild

fish in 2001.  Whereas similar ancillary data collected on steelhead at the Salmon River trap

showed that about half of the unclipped fish collected there had the fin erosion characteristics of

hatchery fish, so only composite steelhead data is considered reliable.  Although hatchery sockeye

continue to be 100% fin clipped, the numbers are so small that reporting in the FPC annual report

will be at only the species level for sockeye also.

The 2001 cumulative number of fish sampled at each Snake River dam, along with

expanded annual collections and passage indices are presented in Table 22.  The 2001 annual pas-

TABLE 21.  Sampled numbers of composite wild/hatchery chinook, steelhead, coho, and sockeye at the four 
traps used in the Smolt Monitoring Program in 2001.

Species 
No. of Fish 
Sampled 

Species 
No. of Fish 
Sampled 

Salmon River Trap (aboveWhitebird) Snake River Trap (at Lewiston) 
Chinook 1’s 12,660  Chinook 1’s    527 

Steelhead   4,567 Steelhead 5,399 

Sockeye       24 Sockeye None 

Chinook 0’s         1 Coho        6 

  Chinook 0’s      31 

Imnaha River Trap Grande Ronde River Trap 
Chinook 1’s 26,717 Chinook 1’s 9,049 

Steelhead 34,102 Steelhead 4,357 

Chinook 0’s          1 Chinook 0’s      13 
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sage indices of yearling chinook, steelhead, coho, and sockeye were each lower than their respec-

tive prior 3-year average (1998-2000) passage indices.  Reductions in flows with no spill at

collector dams in 2001 resulted in fewer smolts remaining in-river below each successive trans-

portation site.  The Lower Granite Dam subyearling chinook passage index was similar to last

year but much lower at Lower Monumental Dam since subyearling chinook were trucked instead

of released on-site from Lyons Ferry Hatchery in 2001 due to the extremely low flows.

The estimates of yearling hatchery chinook population size at Lower Granite Dam provide

additional evidence that fewer smolts were arriving at the first dam in 2001 compared to recent

past years (Table 23).  Population estimates were made using estimates of collection efficiency

developed with PIT tagged smolts released from SMP traps.  When related to hatchery production

above Lower Granite Dam, the 2001 hatchery chinook population arriving at Lower Granite Dam

was at least ten percentage points lower than any of the past three years.  It is important to make

these comparisons with smolt data expanded to population sizes to properly account for the differ-

ent collection efficiencies across years.  A simple comparison of passage indices to hatchery

releases would have failed to reveal any reductions in 2001.

TABLE 22. Sample, collection, and passage indices of salmonids at Snake River dams in 2001 and 
comparison with the past 3-yr average (1998-2000) annual passage indices.

2001 
Dam Species 

Sample Collected 
Passage 
Index 

2000 
Passage  
Index 

1998-2000 
Average  

Index 
Chinook Age 0 57,690 739,851 740,553 747,929 382,929 

Chinook Age 1 24,428 1,958,273 1,958,276 3,290,463 2,931,109 

Coho 2,172 58,255 58,273 166,041 169,905 

Steelhead 65,799 5,580,471 5,580,777 6,782,370 6,311,861 

Lower 

Granite 

Sockeye/kokanee  354 4,851 4,851 8,991 34,948 

Chinook Age 0 28,238 178,818 178,854 357,060 207,725 

Chinook Age 1 17,537 751,905 751,911 1,876,659 2,566,948 

Coho 2,117 21,878 21,893 54,969 97,320 

Steelhead 26,042 841,490 841,837 1,415,791 2,555,234 

Little Goose 

Sockeye/kokanee 325 9,857 9,857 4,893 19,736 

Chinook Age 0 9,620 53,433 53,516 235,017 132,263 

Chinook Age 1 50,207 553,434 553,436 899,360 1,305,623 

Coho 605 2,676 2,691 30,203 47,944 

Steelhead 38,155 360,382 360,511 1,159,533 1,663,729 

Lower 

Monumental 

Sockeye/kokanee 77 1,026 1,026 6,605 15,165 

 



57

Collection Counts and Relative Abundance.

The estimated population size of yearling wild chinook at Lower Granite Dam was

500,700 smolts in 2001 - approximately half of the 2000 magnitude, a third of the 1999 magni-

tude, and fairly close to the 1998 magnitude (Table 24).  When the population size of wild chi-

nook smolts at Lower Granite Dam is compared to the cumulative redd counts in the Clearwater,

Salmon, Imnaha, and Grande Ronde river basins two year earlier, the ratio is lower for migration

year 2001 smolts compared to the prior three years, the same trend observed with the hatchery

chinook population size to hatchery release ratio.  

a redd counts from IDFG for index sites of Salmon and Clearwater River basins and from ODFW for index sites of Grande 

Ronde and Imnaha River basins.

The estimates of hatchery and wild steelhead population size at Lower Granite Dam pro-

vide additional evidence that fewer smolts were arriving at the first dam in 2001 compared to

recent past years (Table 25).  Population estimates were made using estimates of collection effi-

ciency developed with PIT tagged smolts released from SMP traps.   When related to hatchery

production above Lower Granite Dam, the 2001 hatchery steelhead population arriving at Lower

TABLE 23. Hatchery yearling chinook population estimates at Lower Granite Dam in 2001 with 
comparison to prior three years and hatchery production.

TABLE 24. Wild yearling chinook population estimates at Lower Granite Dam in 2001 with comparison to 
prior three years and annual redd counts.

Year 
Collection 
Efficiency 

Collection 
Passage 
Index 

Population 
Estimate 

Hatchery 
Release 

% of 
Hatchery 
Release 

1998 0.49 1,317,500 1,723,600 2,688,800 4,351,400 61.8% 

1999 0.26 1,762,700 2,768,100 6,779,600 11,472,100 59.1% 

2000 0.38 2,035,000 2,725,400 5,355,300 7,464,500 71.7% 

2001 0.75 1,547,700 1,547,700 2,063,600 4,286,900 48.1% 

Year Collection 
efficiency 

Collection Passage 
index 

Population 
estimate 
(popn) 

Redd 
count 
indexa 

Ratio of smolt 
popn/1000 to 
redd index 

1998 0.49 287,200 374,500 586,100 893 0.656 

1999 0.26 410,800 636,600 1,580,000 2165 0.730 

2000 0.38 415,100 565,100 1,092,400 1781 0.613 

2001 0.82 410,600 410,600 500,700 912 0.549 
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Granite Dam was at least 17 percentage points lower than any of the past three years.  The 2001

wild steelhead population estimate arriving Lower Granite Dam was around one-third lower than

that of 1998 to 2000.  However, there is no redd count index for wild steelhead for comparison

purposes as was the case with wild chinook.

a Since steelhead have not been distinguishable by clip status as hatchery or wild since 2000, the relative average split observed 

from 1989 to 1999 of 10% wild and 90% hatchery was applied to the total steelhead collections and passage indices in 2000 

and 2001.

The 2001 cumulative number of fish sampled at each dam, along with expanded annual

collection and passage indices, are presented in Table 26 for Columbia River dams. The 2001

Rock Island Dam annual passage indices of yearling chinook, steelhead, and sockeye were each

lower than their respective prior 3-year average (1998-2000) passage indices, while that of coho

was virtually unchanged.  Although the 2001 Rock Island Dam passage index was lower by

almost 80% for both yearling chinook and sockeye from the 3-year average, the 2001 sockeye

passage indices was actually higher than it was in 2000.  The 2001 McNary and John Day Dam

annual passage indices of coho, steelhead, and sockeye were each much lower than their respec-

tive prior 3-year average (1998-2000) passage indices, while that of yearling chinook was only

slightly lower. Sockeye passage indices in 2001 at McNary, John Day, and Bonneville dams were

all higher than in 2000.  Subyearling chinook passage indices remained near or above levels of the

past three years at each Columbia River dam.

TABLE 25. Steelhead population estimates at Lower Granite Dam in 2001 with comparison to prior three 
years and hatchery production.

Year 
Rear 
Typea 

Collection 
Efficiency 

Collection 
Passage 
Index 

Population 
Estimate 

Hatchery 
Release 

% of 
Hatchery 
Release 

1998 H 0.59 4,527,500 6,163,500 7,673,700 8,956,100 85.7% 

1998 W 0.59 558,000 755,000 945,800   

1999 H 0.37 3,032,100 4,732,400 8,194,900 9,573,500 85.6% 

1999 W 0.31 323,100 502,300 1,042,300   

2000 90% H 0.63 4,535,700 6,104,100 7,199,500 9,568,500 75.2% 

2000 10% W 0.53 504,000 678,200 950,900   

2001 90% H 0.91 5,022,400 5,022,700 5,519,100 9,442,600 58.4% 

2001 10% W 0.87 558,000 558,100 641,400   
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Migration Timing

a Upper brights annual values are summed commencing May 1 in 2001, since only two tule chinook releases from Spring 

Creek Hatchery (March 8 and April 15).

b Upper brights annual passage index is summed commencing June 1 in 2000, since three tule chinook releases from Spring 

Creek Hatchery (March 9, April 20, and May 18).

C.  Migration Timing 

The distribution of the daily passage indices at the dams provides a measure of migration

timing at a given site.  From the passage distributions at Lower Granite, Rock Island, McNary,

and Bonneville dams, the dates of passage at the key cumulative percentiles of 10%, 50%, and

90% are reported for each species in Table 27.  This passage timing data is also plotted for the

run-at-large in Appendix D.

 In the Snake River at Lower Granite Dam, the 2001 dates of 10% passage commenced in

the later half of April for yearling chinook and steelhead, after mid-May for coho, and near mid-

June for subyearling chinook.  These dates were around a week later than last year for the spring-

TABLE 26. Sample, collection, and passage indices of salmonids at Columbia River dams in 2001 and 
comparison with the past 3-yr average (1998-2000) annual passage indices

2001 
Dam Species 

Sample Collected 
Passage 
Index 

2000 
Passage 
Index 

1998-2000 
Average  

Index 
Chinook Age 0 21,287 21,287 22,639 13,687 19,744 

Chinook Age 1 4,893 4,893 6,572 25,292 30,191 

Coho 32,710 32,710 45,425 49,548 45,848 

Steelhead 12,976 12,976 17,852 23,590 28,273 

 

Rock 

Island 

Sockeye 2,197 2,197 3,022 2,428 14,087 

Chinook Age 0 206,502 10,727,489 10,774,712 10,661,118 9,858,790 

Chinook Age 1 35,330 2,226,183 2,299,417 1,998,412 2,473,747 

Coho 2,031 141,382 147,051 260,186 261,183 

Steelhead 15,350 553,432 563,078 616,339 732,343 

 

McNary 

Sockeye 3,132 269,893 285,379 140,394 849,925 

Chinook Age 0 40,215 2,840,619 2,849,770 1,681,001 2,599,219 

Chinook Age 1 41,659 948,154 1,005,994 827,712 1,387,688 

Coho 3,037 79,576 81,586 263,801 459,909 

Steelhead 10,961 187,901 191,089 522,227 945,432 

 

John Day 

Sockeye 3,023 96,207 103,905 60,021 385,913 

Chinook Age 0 

Total  

57,366 2,348,968 2,940,644 3,814,968 N/A 

Chinook Age 0 

“upriver brights” 

50,915
a 

1,910,348
a 

2,451,747
a 

772,819
b 

N/A 

Chinook Age 1 21,304 1,320,763 1,687,847 2,539,352 N/A 

Coho 24,093 1,496,057 2,164,019 1,977,605 N/A 

Steelhead 5,696 366,174 489,400 657,552 N/A 

 

Bonneville 

Power 

House #2 

Sockeye 1,161 74,953 106,965 65,490 N/A 

 



Fish Passage Center Annual Report

60

time migrants and a few days earlier than last year for the subyearling chinook.  The dates of

median passage were about the same between this year and last year for all smolts except the

coho.  In 2001, coho had a middle 80% passage period that extended 39 days longer than it did in

2000.  The dates of 90% passage of yearling chinook and steelhead were only three days later than

last year, and that of subyearling chinook was 10 days earlier.  Because of the low numbers and

sporadic passage distribution of sockeye in both 2000 and 2001, it is very difficult topinpoint the

middle 80% passage period; however, the median date of passage differed by only one day

between these years.   

a Low numbers and sporadic collections result in cumulative passage index taking two months to go from 89% to 91%, so the 

89% to 91% date range is presented rather than a single 90% passage date.

b Low numbers result in cumulative passage index taking over three weeks to collect next fish after 10% point reach on April 

21, so "true" date of 10% could occur later during the extended range shown.

c Upper brights annual values are summed commencing May 1 in 2001, since only two tule chinook releases from Spring 

Creek Hatchery (March 8 and April 15).

d Upper brights annual passage index is summed commencing June 1 in 2000, since three tule chinook releases from Spring 

Creek Hatchery (March 9, April 20, and May 18).

TABLE 27. Migration timing of salmonids at Lower Granite, Rock Island, McNary, and John Day dams in 
2001 compared to 2000.

2001 2000 
Dam Species 

10% 50% 90% 10% 50% 90% 
Chinook Age 0 6/11 7/4 8/10 6/14 7/3 8/20 

Chinook Age 1 4/26 5/5 5/18 4/21 5/4 5/15 

Coho 5/18 6/4 7/13 5/12 5/25 6/4 

Steelhead 4/29 5/10 5/27 4/19 5/8 5/24 

 

Lower 

Granite 

Sockeye and 

kokanee 

4/21– 

5/13 
b
 

5/23 6/16 4/15 5/24 6/28 – 

8/27 
a 

Chinook Age 0 6/25 7/15 7/29 4/19 7/15 8/10 

Chinook Age 1 4/20 5/6 5/30 5/3 5/14 5/31 

Coho 5/19 5/24 6/8 5/20 5/27 6/7 

Steelhead 5/12 5/26 6/17 5/5 5/18 5/28 

 

Rock 

Island 

Sockeye 5/22 5/25 6/4 4/21 5/13 7/13 

Chinook Age 0 6/20 7/2 7/28 6/21 6/30 7/30 

Chinook Age 1 5/11 5/26 6/7 4/28 5/15 6/2 

Coho 5/24 6/3 6/20 5/27 6/7 6/22 

Steelhead 4/27 5/23 6/9 4/12 5/10 6/6 

 

McNary  

Sockeye 5/27 6/1 6/9 5/9 5/30 9/9 

Chinook Age 0 

“upriver brights” 

 

5/30
d 

 

7/6
d 

 

8/14
d 

 

6/6
c 

 

6/22
c 

 

7/19
c 

Chinook Age 1 4/26 5/11 6/6 4/23 5/17 6/1 

Coho 5/15 5/24 6/3 5/6 5/22 6/3 

Steelhead 5/4 5/19 6/10 4/27 5/17 6/2 

 

Bonneville 

PH 2  

Sockeye 6/3 6/10 6/25 5/5 5/25 6/7 
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Migration Timing

In the Mid-Columbia River at Rock Island Dam, the 2001 dates of 10% passage com-

menced in the later half of April for yearling chinook, in mid-to-late May for coho, steelhead, and

sockeye, and in the later half of June for subyearling chinook.  The 10% date for yearling chinook

was almost two weeks earlier than last year, but only about a week earlier than in years prior to

2000.  The 90% passage dates for yearling chinook were nearly the same between 2000 and 2001.

The middle 80% passage period for coho was nearly the same between 2000 and 2001.  Steel-

head's middle 80% passage period commenced about a week later in 2001 and extended 20 days

later into June than it did in 2000.  The most dramatic change in 2001 occurred for sockeye.  The

10% passage date in 2001 was one month later than in 2000, which indicates that the contribution

of Wenatchee stock of sockeye to the 2001 sockeye run was negligible.  Wenatchee sockeye nor-

mally begin outmigrating in the latter half of April, while the Osoyoos stock of sockeye begin out-

migrating around mid-May.  The 90% passage date for sockeye occurred one month earlier than

in 2000, making the middle 80% passage period for sockeye in 2001 of only 12 days duration.

The date of 10% passage of subyearling chinook occurred during the later half of June, which was

later than in most years were the date falls during the first half of June (the extremely early 10%

passage date in 2000 was the result of a larger than usual collection of subyearling chinook fry in

April that year).  The date of median passage of subyearling chinook was July 15 in both 2001 and

2000, while the date of 90% passage was at the end of July in 2001, half a month earlier than in

2000, but similar to other past years.  

Since virtually all of the smolts arriving McNary Dam in 2001 were of Mid-Columbia

River origin (see earlier discussion of 2001 transportation), the passage timing of smolts at

McNary Dam reflected the movement of Mid-Columbia River stocks into the lower Columbia

River.  The 2001 date of 10% passage of yearling chinook, steelhead, and sockeye was about two

weeks later than in 2000.  This later start of the springtime smolt movement past McNary Dam in

2001 was due in part to low flows this year slowing the movement of smolts originating above

Rock Island Dam to McNary Dam (see following travel time section).  The date of 10% passage

of coho was similar to 2000 and appears to reflect the earlier outmigration timing of coho from

the Yakima River, compared to Wenatchee and Methow rivers.  The dates of 90% passage at

McNary Dam of yearling chinook, steelhead, and coho was similar to that observed in 2000.  The

date of 90% passage of sockeye in 2001 is much earlier than in 2000, but more in line with that of

prior years.  The middle 80% passage period of subyearling chinook in 2001 was nearly identical

to that of 2000, and not unlike that of prior years, reflecting the fact that most subyearling chinook
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passing McNary Dam originate in McNary pool from Hanford reach for wild fall chinook and

from Priest Rapids and Ringold hatcheries for hatchery fall chinook. 

 In the lower Columbia River at Bonneville Dam, the 2001 dates of 10% passage com-

menced in the later half of April for yearling chinook, in early May for steelhead, around mid-

May for coho, in early May the lat and steelhead, after mid-May for coho, and in early June for

sockeye.  These 2001 dates are close to that of 2000 for yearling chinook, a week later for steel-

head and coho, and a month later for sockeye.  The 2001 dates of 90% passage differed mostly for

steelhead and sockeye from that of 2000.  With the exception of sockeye, the passage dates at

Bonneville Dam are highly influence by smolts originating in the lower Columbia River, and

especially in 2001 since alternating days of transportation was occurring at McNary Dam in the

springtime this year, thus reducing the numbers of Mid-Columbia River origin springtime

migrants remaining in-river in the lower Columbia River in 2001 compared to prior recent years.

The middle 80% passage period for subyearling chinook in 2001 was much longer in duration

than that of 2000, and the cumulative passage index of subyearling chinook "brights" in 2001 was

about triple that of 2000.

The determination of migration timing through the lower Columbia River of yearling chi-

nook and steelhead smolts that originated in the four major basins above John Day Dam was

important in 2001 because of the limited amount of spill for fish passage provided this year at

John Day, The Dalles, and Bonneville dams.  A set of John Day Dam yearling chinook and steel-

head smolt migration timing plots was developed using PIT tagged fish released in the Umatilla

River, John Day River, Snake River basin and Mid-Columbia River basins.  Each cumulative pro-

portion curve for a basin is a simple summation of PIT tagged smolts from different releases

within the respective basin.  PIT tagged smolts from large releases at dams for special studies

were not included since they did not reflect the timing of the run-at-large.  Migration timing plots

are available for migration years 1998 to 2001 for yearling chinook and steelhead from the Uma-

tilla, Snake, and Mid-Columbia River basins.  For the John Day River basin, yearling chinook

migration timing data was available for 2000 and 2001, while the steelhead migration timing data

was only available for 2001.

The John Day Dam passage timing of PIT tagged yearling chinook showed that yearling

chinook and steelhead originating in both the John Day and Umatilla River basins passage earlier

than those that originate above McNary Dam in the Snake and Mid-Columbia River basins
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Travel Time.

(Appendix G Figures 1 to 8).  Since springtime spill for fish passage in 2001 was provided only

between May 25 and June 15 at McNary and John Day dams and between May 16 and June 15 at

The Dalles and Bonneville dams, few of the yearling chinook and steelhead from the Umatilla and

John Day River basins benefited from this late season spill in 2001 (see memorandum on spill in

Appendix I).      

D.  Travel Time.

 The PIT tag provides a unique alphanumeric code for individual fish that allows determi-

nation of date and time of passage of these fish at dams with PIT tag detection equipment in place.

From these data, travel times of individual fish within reaches of interest may be computed.

Travel time is estimated from release to first detection site, and between series of dams, by sub-

tracting the upstream detection date and time from the downstream detection date and time for

PIT tagged fish.  From the distribution of travel times for each group of PIT tagged fish, mini-

mum, maximum, and median travel time with associated 95% confidence interval are computed.

Associated with the travel time data are flow and river temperature averages.  These environmen-

tal parameters are computed at a key dam within the reach of interest as the average across a

series of days equal to the number of days estimated as the median travel time.  This series of days

begin with the date of release for travel times estimated from release to first monitoring site (e.g.,

Snake River basin sites to Lower Granite Dam or Mid-Columbia River basin sites to McNary

Dam), and they begin with the date of re-release at the upstream dam for travel times estimated

between two dams (e.g., Lower Granite Dam to McNary Dam, Rock Island to McNary Dam, and

McNary Dam to Bonneville Dam).  The detailed travel time data for groups of PIT tagged fish

released from the four traps, selected hatcheries, and Rock Island Dam or re-released from Lower

Granite and McNary dams are presented in Appendix E.  

Hatchery Site to Lower Granite Dam Reach

Estimated median travel times of yearling chinook from Dworshak, McCall, Imnaha, and

Rapid River hatcheries to Lower Granite Dam have been fairly long in all four years, 1998 to

2001, averaging around a month or more (Table 28).  Estimated travel time of steelhead from

Dworshak Hatchery was nearly a week, longer than that of most recent years, but well under the

long travel time of their chinook counterparts.
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* Midpoint of volitional release period used in calculation.

** Projected median date of volitional release period in calculation.

Traps to Lower Granite Dam

Trap releases of PIT tagged yearling chinook and steelhead made between April 10 and

May 10 are selected for each of the four recent years, 1998 to 2001, to illustrate effects of flow on

travel time during a period beginning late enough so that the smolts appear to be actively migrat-

ing and ending prior to any late spring peak flows.  Travel times of daily released PIT tagged

smolts within this period for a given year are fairly stable across days for a given species, thus

facilitating the use of a single average for each year.  A 31-day (April 10-May 10, inclusive) aver-

age travel time is computed along with the average flow over this 31-day period for each year

from the daily releases of PIT tagged yearling chinook and steelhead from the traps on the traps

on the lower Salmon, Grande Ronde, and Imnaha rivers, and mainstem Snake River at Lewiston.

The results show that migration year 2001, which had the lowest flows, had corresponding longer

travel times for steelhead, but not for yearling chinook (Table 29).  Yearling chinook travel times

to the first dam tend to be long in all years, irregardless of flows encountered, indicating that flow

was not the are primary influence on yearling chinook migration rate to Lower Granite Dam

TABLE 28. Median travel time from release to Lower Granite Dam for Snake River basin hatchery 
yearling chinook and steelhead in 2001 compared to the past three years.

Median Travel Time Release Site to Lower Granite Dam 
Hatchery Species 

2001 2000 1999 1998 
Dworshak H Chinook 30.4 27.3 27.7 28.1 

Imnaha AP Chinook 29.1*  29.3* 23.7* 26.2 

McCall H Chinook 48.5 34.1 39.9 36.5 

Rapid River H Chinook 26.3*  29.5* 37.1** 19.5** 

Dworshak H Steelhead 6.8 3.5 6.2 4.7 
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Travel Time.

1 Flow averaged from April 20 to May 20 at Lower Granite Dam.

2 Average (weighted by released number) of median travel time estimates from daily releases between April 10 and May 10.

Lower Granite Dam to McNary Dam Index Reach

From the daily median travel time estimates presented in Appendix E, a set of weighted

weekly average travel time estimate was generated for the Snake River reach for yearling chinook

(Table 30) and steelhead (Table 31).  These two sets of weekly average travel times were

regressed against a flow index.  Flow was indexed at Ice Harbor Dam over a period of days equal

to the travel time estimate and beginning at the midpoint of the weekly block.  The four years and

eight temporal blocks were pooled to provide a single inverse exponential relation (natural loga-

rithm of average travel time versus reciprocal of flow).  The regression of average travel time and

flow for the aggregate of four years was significant for both yearling chinook (P<0.01, R2 = 0.84,

lnTT = 1.714 + 68.900/FLOW, Figure 24) and steelhead (P<0.01, R2 = 0.93, lnTT = 1.449 +

89.414/FLOW, Figure 25).  The addition of 2001 data with the lowest flows of the four years

increased the model R2 substantially over what was obtained last year based on a pooling of 1998

to 2000 data, but the slope and intercept of the model was only slightly changed with the addi-

tional year (see 2000 FPC Annual Report page 74).  The importance of this finding is the predic-

tive capability of the curve generated last year to the long travel times and low flows observed this

year was exceptionally good.  With the addition of the year of low flows, the strength of the rela-

tion was greatly improved, but the shape of the relation was only nominally affected.  The year-

ling chinook plot also shows the prediction curve generated in the past with PIT tag data from

TABLE 29. Average travel time and flow for yearling chinook and steelhead released from traps on the 
Salmon, Imnaha, Grande Ronde, and Snake rivers to Lower Granite Dam in migration years 1999 to 2001.

Average Travel time (days)2 
Year 

Average1 
Flow 
(kcfs) 

Salmon R 
trap 

Imnaha R 
trap 

Grande Ronde 
R trap 

Snake R  
Trap 

Yrlg. Chinook H W H W H W H W 

1999 100.4 20.2 9.4 24.3 12.1 23.7 7.2 6.3 4.9 

2000 88.5 15.9 11.4 20.7 10.6 11.4 6.8 6.7 5.3 

2001 55.4 14.4 11.6 12.4 11.1 13.3 10.4 7.8 5.5 

Steelhead H W H W H W H W 

1999 100.4 6.0 4.7 15.2 4.6 3.0 2.9 1.9 2.0 

2000 88.5 4.7 N/A 9.6 4.7 3.5 3.0 2.1 2.1 

2001 55.4 9.1 6.5 10.1 8.0 6.5 4.2 5.2 3.9 
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1991 to 1997 (P<0.01, R2 = 0.35, lnTT = 2.087 + 35.662/FLOW).  Note how the two curves fol-

low the same trend, but with a higher slope coefficient present in the regression curve of the more

recent (1998 to 2001) data.

TABLE 30. Travel time for weekly blocks for yearling chinook from Lower Granite Dam to McNary Dam, 
1998 to 2001.

TABLE 31. Travel time for weekly blocks for steelhead from Lower Granite Dam to McNary Dam, 1998 to 
2001.

  1998 1999 2000 2001 

Block Date Range 
Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

1 4/2 - 4/9 23.0 71.9 16.8 91.9   29.7 41.4 

2 4/10 - 4/17 15.9 74.7 12.7 107.3 12.5 109.2 24.9 44.6 

3 4/18 - 4/24 12.4 89.5 11.5 116.8 11.7 104.2 21.0 50.6 

4 4/25 - 5/1 12.3 114.7 10.6 107.2 10.4 98.7 20.2 61.9 

5 5/2 - 5/8 10.8 128.9 10.2 96.1 10.2 86.8 19.5 66.0 

6 5/9 - 5/15 10.6 129.7 9.8 89.5 11.1 76.9 15.4 73.6 

7 5/16 - 5/22 9.2 160.8 7.8 123.0 8.5 90.2 12.1 69.2 

8 5/23 - 5/30 7.0 191.7 6.8 174.0 7.5 90.3 17.0 52.9 

 

  1998 1999 2000 2001 

Block Date range 
Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

1 4/2 - 4/9 15.1 64.7       

2 4/10 - 4/17 15.6 74.7   9.2 108.9   

3 4/18 - 4/24 11.3 88.0 14.0 116.0 8.6 107.5 25.6 54.7 

4 4/25 - 5/1 10.4 110.4 10.1 107.8 9.4 99.1 19.1 60.4 

5 5/2 - 5/8 10.1 128.9 10.6 95.2 10.7 85.6 17.5 66.1 

6 5/9 - 5/15 9.1 128.8 11.8 94.0 14.6 82.4 14.1 73.5 

7 5/16 - 5/22 7.9 154.3 7.6 123.0 11.5 90.3 16.2 64.7 

8 5/23 - 5/30 5.8 196.3 6.1 174.4 10.9 86.0 21.8 50.1 
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Travel Time.

FIGURE 24. Travel time/flow relation for yearling chinook from Lower Granite Dam to McNary Dam 
with comparison of recent prediction curve to historic curve used in the PATH analyses.

Travel time of yearling chinook from Lower Granite Dam
 to McNary Dam, 1998 to 2001, with recent predication curve 

 compared to historic 1991 to 1997 prediction curve
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McNary Dam to Bonneville Dam Index Reach

From the daily median travel time estimates presented in Appendix E, a set of  weighted

weekly average travel time estimate was also generated for the lower Columbia River reach for

yearling chinook (Table 32) and steelhead (Table 33).  These two sets of weekly average travel

times were regressed against a flow index.  Flow was indexed at The Dalles Dam over a period of

days equal to the travel time estimate and beginning at the midpoint of the weekly block.  The

four years and up to nine temporal blocks were pooled to provide a single inverse exponential

relation (natural logarithm of average travel time versus reciprocal of flow).  The regression of

average travel time and flow for the aggregate of four years was significant for both yearling chi-

nook (P<0.01, R2 = 0.72, lnTT = 1.221 + 151.809/FLOW, Figure 26) and steelhead (P<0.01, R2 =

0.93, lnTT = 1.114 + 172.313/FLOW, Figure 27).  The addition of 2001 data with the lowest

flows of the four years increased the model R2 and slope coefficient substantially for both year-

ling chinook and steelhead over what was obtained last year based on a pooling of 1998 to 2000

FIGURE 25. Travel time/flow relation for steelhead from Lower Granite Dam to McNary Dam.

Travel time of steelhead from Lower Granite Dam
 to McNary Dam, 1998 to 2001
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Travel Time.

data (see 2001 FPC Annual Report page 76).  Migration year 2001 added flows to the regression

analysis that were much lower than in any previous year of study, but the week-to-week range of

index flows occurring in 2001 was very narrow (ranging less than 20 kcfs range for yearling chi-

nook and less than 10 kcfs for steelhead).  Although flows changed little over the springtime

migration season in 2001, a trend of decreasing travel times over the season was still apparent.  In

past years, when early and late portions of a migration season have similar flows, the later period

would exhibit shorter smolt travel times.  Temporal increases in yearling chinook and steelhead

smoltification over time was discussed in Berggren and Filardo (1993) as a possible link.  Since

2001 had the lowest flows of any other year of the SMP in the lower Columbia River, the result-

ing smolt travel times averaged much longer, and thus helped strengthen the travel time versus

flow relation for both yearling chinook and steelhead.

TABLE 32. Travel time for weekly blocks for yearling chinook from McNary Dam to Bonneville Dam, 1998 
to 2001.

  1998 1999 2000 2001 

Block Date Range 
Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

1 4/11 - 4/17   7.3 215.8     

2 4/18 - 4/24 9.3 189.4 7.8 303.2 7.3 327.6 22.5 121.1 

3 4/25 - 5/1 6.8 237.7 7.1 313.9 7.6 287.9 21.0 129.7 

4 5/2 - 5/8 5.4 339.9 6.8 280.9 6.3 276.5 12.8 124.3 

5 5/9 - 5/15 5.9 322.2 6.1 249.9 6.3 249.5 10.2 129.7 

6 5/16 - 5/22 5.7 308.4 5.2 267.1 5.7 251.7 11.0 133.8 

7 5/23 - 5/29 4.6 412.5 4.2 359.1 5.1 216.5 7.2 141.5 

8 5/30 - 6/5 4.3 393.5 4.3 366.3 5.2 209.5 6.0 131.2 

9 6/6 - 6/12   5 326.9 5.3 194.4 6.5 133.1 
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TABLE 33. Travel time for weekly blocks for steelhead from McNary Dam to Bonneville Dam, 1998 to 
2001.

FIGURE 26. Travel time/flow relation for yearling chinook from McNary Dam to Bonneville Dam. 

  1998 1999 2000 2001 

Block Date Range 
Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

Travel 
Time Flow 

1 4/11 - 4/17   7.3 215.8 5.1 272.5   

2 4/18 - 4/24   6.7 298.7 5.2 332.7   

3 4/25 - 5/1 6.6 237.7 6.2 314.0 5.8 284.7   

4 5/2 - 5/8 5.7 341.8 6.1 284.4 5.2 281.2 14.6 126.3 

5 5/9 - 5/15 5.7 322.2 6.3 249.9 5.5 249.5 11.7 132.8 

6 5/16 - 5/22 5.4 305.6 5.9 263.2 5.4 247.5 11.5 133.8 

7 5/23 - 5/29 3.9 380.5 5.4 360.2 5.9 220.0 9.4 134.4 

8 5/30 - 6/5 4.0 393.5 5.1 367.8 5.6 212.7 10.3 132.7 
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Travel Time.

Mid-Columbia River Basin Smolts to McNary Dam Reach

Travel time of yearling and subyearling chinook from hatcheries in the Mid-Columbia

River basin to McNary Dam is presented in Table 34.  Median travel time to McNary Dam was 3-

5 weeks for yearling spring chinook from Leavenworth Hatchery (above Rock Island Dam), and

around a month for yearling spring chinook from Winthrop Hatchery and subyearling summer

chinook from Wells Hatchery (both hatcheries above Wells Dam).  Subyearling chinook from

Priest Rapids and Ringold hatcheries (both hatcheries below Priest Rapids Dam) take 1-2 weeks

to reach McNary Dam. 

FIGURE 27. Travel time/flow relation for steelhead from McNary Dam to Bonneville Dam. 

Travel time of steelhead from McNary Dam
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1 Priest Rapids Hatchery's median travel time and flow is computed as average of three releases separated 3-5 days apart start-

ing mid-June (individual release data shown in appendix of each annual report).

Smolt travel time from Rock Island Dam to McNary Dam averaged approximately 19

days for both yearling chinook and steelhead during the month of May in 2001 (Table 35).  The

yearling chinook average travel time in May of 2001 was 50% longer than in 2000.  The steelhead

average travel time in May of 2001 was nearly three times longer than in 2000.   In 2001, the May

flows indexed at Priest Rapids Dam were only 43% of what they were in 2000.

1 Mixture of hatchery and wild fish.

2 Travel time is weighted (by release number) average of the daily median travel time estimates for daily release groups 

between May 1 and May 31 and flow is weighted average simple average of these same daily release groups.

E.  Estimates of Survival:

Survival is estimated from release to first detection site, and between series of dams, by

the Jolly-Seber release-recapture method outlined in American Fisheries Society Monograph 5,

Design and analysis methods for fish survival experiments based on release-recapture, by K.P.

TABLE 34. Median travel time for Mid-Columbia River hatchery chinook from hatchery site to McNary 
Dam in 2001 compared to 1998 to 2000.

TABLE 35. Median travel time of yearling chinook and steelhead from Rock Island Dam to McNary Dam 
in 2001 compared to 2000.

 Migration Year 
 2001 2000 1999 1998 

 
 

Hatchery Age TT Flow TT Flow TT Flow TT Flow 
Leavenworth  1 37.0 64 36.1 185 27.8 171 21.7 142 

Winthrop 1 36.9 64 30.2 182 26.4 163 25.7 125 

Wells 0 37.8 71 35.3 133 30.6 193 30.8 149 

Priest Rapids
1 

0 13.7 95 12.3 137 11.7 189 7.4 147 

Ringold 0 11.5 94 9.8 140 12.0 183 12.1 150 

 

2001 2000  
Species1 Travel Time Flow Travel Time Flow 

Yearling  chinook 19.2 70.1 12.9 161.4 

Steelhead 18.9 72.6 6.4 169.1 
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Estimates of Survival:

Burnham, D.R. Anderson, G.C. White, C. Brownie, and K.H. Pollock, 1987.  For a specified

group of fish, this methodology provides a group estimate of survival through a series of reser-

voirs and dams, as well as a group estimate of collection efficiency at the dams.  For the group of

PIT tagged fish of interest, this method uses the subsequent detection information on the known

number of fish re-released at a particular dam to estimate the number of fish that past that particu-

lar dam alive but undetected.  By adding the number of fish detected at the dam and the estimated

number of fish alive but undetected passing the dam, we have an estimate of the total number of

fish from the group of interest at that particular site.  Dividing that estimated total by the estimated

total of an upstream dam, we arrived at the survival estimate from the tailrace of the upstream

dam to the tailrace of the downstream dam.  If one divides by the release number, then an estimate

of survival from release to the tailrace of the downstream dam of interest is obtained.  The soft-

ware program MARK (White and Burnham 1999) was used to perform the survival estimates

with the "identity "design matrix and "identity" link function set.  

Estimates of survival from release site to tailrace of Lower Monumental Dam were

attempted for weekly releases of wild and hatchery chinook and steelhead from the daily releases

of PIT tagged fish at four SMP traps above Lower Granite Dam.  The weekly tagging goal for sur-

vival estimation was set at 600 fish, but this number of fish per week was not always possible.

Therefore, a release period of up to 15 consecutive days was used in some instances to try to

active the target release size.  Appendix F Table F-1 presents estimated survival from release site

to Lower Monumental Dam tailrace and for the three shorter reaches that make up this longer

reach in the same format as found in prior FPC Annual Reports.  The extended multi-dam reach

survival estimate is the product of three shorter reach estimates.  The associated variance for the

extended reach estimate is computed using formulas for propagation of error in products of non-

independent estimates (Meyer 1975).  For each release location, species, rearing type of fish

(hatchery or wild), and release period, we obtain an extended reach survival estimate with associ-

ated 95% confidence interval.  In the text below, we summarize the 2001 survival data to annual

averages for comparison to the past three years.

Estimates of survival from release at Rock Island Dam to tailrace of McNary Dam were

attempted for bi-weekly releases of yearling and subyearling chinook, steelhead, and sockeye (all

mixtures of hatchery and wild fish) from the daily releases at Rock Island Dam.  Pooling of longer

than weekly release blocks were necessary because there are fewer downstream PIT tag detection
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sites for Mid-Columbia River released fish.  The estimated survival of smolts released from Rock

Island Dam to McNary Dam tailrace is presented in Appendix F Table F-3.  In the text below, we

summarize the 2001 survival data to annual averages for comparison to the past three years.

Survival estimates were also obtained for hatchery yearling chinook and steelhead from

five hatcheries in the Snake River drainage and for hatchery yearling and subyearling chinook

from five hatcheries in the Mid-Columbia River drainage.  Data for the Snake River hatcheries

show survival estimates from release site to Lower Monumental Dam tailrace (product of three

reach survival estimates) and from release site to John Day Dam tailrace (product of five reach

survival estimates).  Data from the Mid-Columbia River hatcheries show survival estimates from

release site to McNary Dam only.  Data for the reaches in the Snake and Mid-Columbia River

basins are presented in Appendix F Table F-2 and F-3, respectively, and summarized in the text

below. 

For each species and rearing type, a seasonal average was obtained for releases from the

four traps and Rock Island Dam whenever the survival estimates of the groups released over time

did not significantly differ.  To determine any significant differences occurred within a year, a test

of whether the "between group" variance component was significantly greater than zero (Burn-

ham 1987 et al., Chapter 4).  This is a chi-square test equal to [empirical variance of mean sur-

vival*(1-degrees of freedom)]/ [theoretical variance of mean survival].  In cases where the chi-

square test was not significant at the 95% confidence level, then the average was computed for the

season, along with the average theoretical variance.  In cases where the chi-square test was signif-

icant, then the season was split into periods showing the different survival levels.

 The 2001 seasonal estimate of survival for PIT tagged wild and hatchery chinook from

the four traps to Lower Monumental Dam tailrace averaged between 52.9% and 76.4%

(Table 36), and that of wild and hatchery steelhead averaged between 41.3% and 63.7%

(Table 37).  The 2001 survival estimates tended to be lower than in the past three years, and with

greater difference between early and late migrants present in 2001.   During the years of higher

flows like 1998 and 1999, seasonal estimated survivals of PIT tagged wild and hatchery chinook

and steelhead from the traps to Lower Monumental Dam tailrace have typically averaged above

60%.  The lower flows in 2001 during the chinook and steelhead migration may have contributed

to the seasonal average survival of hatchery steelhead being below 60% for fish released from the

Salmon, Imnaha, and Grande Ronde River traps to Lower Monumental Dam tailrace.
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Estimates of Survival:

In the reach from Lower Granite Dam tailrace and McNary Dam tailrace, the estimated

survival of weekly cohorts of yearling chinook and steelhead (each weekly cohort is an aggregate

of smolts from all upstream origins that passed Lower Granite Dam during a particular date

range) changed significantly starting May 20 (Table 38 and Appendix F Table F-4).  Survival esti-

mates for wild and hatchery yearling chinook dropped about half in the week after May 20 and

that of wild chinook dropped another half after May 27, while the post-May 20 survival estimates

for hatchery steelhead dropped to less than 25% of the earlier date period.  Increasing numbers of

chinook and steelhead smolts residualizing in the reservoirs and not continuing to migrate due to

the extremely low flows in 2002 contribute to the low survival estimated after May 20.  Of inter-

est is how more severe the problem is seen in steelhead compared to yearling chinook. 

 The 2001 estimates of survival for PIT tagged hatchery chinook from the hatchery release

site to the tailrace of John Day Lower Monumental Dam ranged from 20.5% (Catherine Creek

acclimation pond) to 41.8% (Imnaha River acclimation pond), with McCall, Dworshak, and

Rapid River hatcheries being at intermediate levels of 26.5%, 28.0%, and 36.5%, respectively

(Table 39).  With the exception of Imnaha River hatchery chinook, these survival estimates were

lower than any of the past three years' estimates, and substantially lower than in 1999 and 2000.

However, the most dramatic reduction in survival in 2001 was observed with steelhead.  The esti-

mated survival from release to Lower Monumental Dam for Dworshak Hatchery steelhead was

only 6.4%, which is less than one-sixth of the survival estimated (always greater than 40%) in the

past three years (Table 39).



Fish Passage Center Annual Report

76

* Identifies a year with a significant "between blocks (temporal releases)" variance component.  For those years, survival esti-

mates are presented separately for each set of blocks that differ significantly.  No survival estimates are available for wild 

chinook from the Snake River trap in 2001 and hatchery chinook from the Grande Ronde River trap in 2000 due to not 

enough PIT tagged fish being released.

TABLE 36. Annual average reach survival estimates of Snake River basin PIT tagged yearling chinook 
from trap release sites to Lower Monumental Dam tailrace in 2001 compared to 1998 - 2000.

Tag    Rearing   Date  No. of Average  Lower Upper 
Site             Species type Year Range Blocks Survival  Limit Limit 

Salmon River trap               
  Chinook Wild 1998 3/23-5/1 3 0.777 0.697 0.857 
    Wild 1999 3/18-4/30 5 0.809 0.775 0.844 
  Wild 2000 3/27-4/21 4 0.763 0.690 0.835 
  Wild 2001 3/19-5/4 4 0.583 0.547 0.619 
   Hatchery 1998 4/6-5/1 3 0.679 0.618 0.740 
    Hatchery 1999 3/18-5/21 8 0.694 0.660 0.729 
  Hatchery 2000 3/13-5/5 8 0.690 0.602 0.777 
  Hatchery 2001 3/19-5/17 8 0.629 0.605 0.653 
Snake River trap                
  Chinook Wild 1998 3/25-5/8 2 0.767 0.669 0.865 
    Wild 1999 3/22-5/25 5 0.861 0.832 0.891 
  Wild 2000 4/10-4/28 3 0.916 0.779 1.052 
   Hatchery 1998 4/13-5/8 4 0.797 0.729 0.865 
    Hatchery 1999 4/5-5/25 5 0.884 0.842 0.926 
  Hatchery 2000 4/10-5/5 4 0.770 0.672 0.868 
  Hatchery 2001 4/27-5/4 1 0.745 0.666 0.825 
Imnaha River trap               
  Chinook Wild 1998 3/16-4/23 6 0.751 0.707 0.795 
    Wild 1999 3/28-5/14 5 0.806 0.775 0.837 
  Wild 2000 3/13-4/23 4 0.757 0.699 0.815 
  Wild 2001* 3/14-4/27 14 0.683 0.669 0.697 
  Wild 2001* 4/29-5/12 1 0.529 0.475 0.583 
   Hatchery 1998* 4/8-4/9 1 0.583 0.512 0.655 
    Hatchery 1998* 4/13-4/14 1 0.738 0.624 0.853 
    Hatchery 1999 4/4-4/16 2 0.610 0.554 0.665 
  Hatchery 2000 3/20-4/16 4 0.535 0.445 0.626 
  Hatchery 2001* 3/23-3/28 1 0.611 0.556 0.665 
  Hatchery 2001* 3/29-4/27 5 0.712 0.684 0.740 
Grande Ronde River trap                
  Chinook Wild 1998 3/24-5/8 2 0.699 0.600 0.798 
    Wild 1999 4/12-4/30 1 0.825 0.756 0.894 
  Wild 2000 4/3-5/5 5 0.775 0.650 0.900 
  Wild 2001 3/28-5/3 2 0.764 0.694 0.835 
   Hatchery 1998 4/8-4/9 1 0.776 0.619 0.934 
    Hatchery 1999* 3/17-3/26 1 0.580 0.523 0.637 
    Hatchery 1999* 3/29-4/9 1 0.706 0.634 0.779 
  Hatchery 2001 4/2-4/26 3 0.624 0.578 0.670 
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Estimates of Survival:

* Identifies a year with a significant "between blocks (temporal releases)" variance component. For those years, survival esti-

mates are presented separately for each set of blocks that differ significantly.  No wild steelhead estimates are available for 

1998 due to estimation bias (see pages 67-68 of 1998 FPC Annual Report).

TABLE 37. Annual average reach survival estimate of Snake River basin PIT tagged steelhead from trap 
release sites to Lower Monumental Dam tailrace in 2001 compared to 1998 - 2000.

Tag    Rearing   Date  No. of Average Lower Upper 
Site      Species Type Year Range Blocks Survival  Limit Limit 

Salmon River trap                
 Steelhead Wild 2001 4/23-5/4 1 0.476 0.367 0.585 
   Hatchery 1998 4/20-5/1 2 0.814 0.723 0.905 
    Hatchery 1999 4/14-5/21 4 0.692 0.651 0.733 
  Hatchery 2000 4/17-5/19 4 0.514 0.398 0.629 
  Hatchery 2001 4/9-5/18 3 0.413 0.329 0.496 
Snake River trap                
  Steelhead Wild 1999 4/19-5/25 2 0.816 0.739 0.893 
  Wild 2000 4/17-5/5 3 0.743 0.622 0.865 
  Wild 2001 4/27-5/21 2 0.452 0.392 0.513 
   Hatchery 1998 4/6-5/23 7 0.728 0.683 0.773 
    Hatchery 1999* 4/19-4/30 2 0.874 0.817 0.930 
    Hatchery 1999* 5/3-5/25 2 0.717 0.676 0.758 
  Hatchery 2000 4/17-5/26 4 0.692 0.580 0.803 
  Hatchery 2001 4/27-5/21 3 0.465 0.365 0.565 
Imnaha River trap                
  Steelhead Wild 1999 5/10-5/20 2 0.784 0.733 0.835 
  Wild 2000 4/17-5/21 5 0.611 0.508 0.714 

  
 
Wild 2001* 

3/20-4/1 & 
5/1-5/15 5 0.445 0.405 0.484 

  Wild 2001* 4/15-4/30 2 0.637 0.555 0.719 
   Hatchery 1998 4/27-5/22 4 0.635 0.589 0.681 
    Hatchery 1999 4/11-6/24 5 0.711 0.680 0.742 
  Hatchery 2000 4/17-5/21 5 0.551 0.463 0.639 
  Hatchery 2001 4/15-5/15 6 0.450 0.376 0.525 
Grande Ronde River trap                
  Steelhead Wild 1999 4/19-5/25 2 0.806 0.747 0.866 
  Wild 2000 4/5-4/28 4 0.729 0.614 0.843 
  Wild 2001* 4/23-5/1 1 0.547 0.401 0.692 
  Wild 2001* 5/7-5/21 1 0.298 0.199 0.397 
   Hatchery 1998 4/24-5/15 4 0.632 0.586 0.678 
    Hatchery 1999 4/19-5/25 3 0.720 0.678 0.761 
  Hatchery 2000 4/10-5/12 4 0.561 0.489 0.633 
  Hatchery 2001 4/23-5/17 3 0.511 0.408 0.614 
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* When there is a significant "between blocks (temporal releases)" variance component, the survival estimates are presented 

separately for each set of blocks that differ significantly.

The 2001 survival for PIT tagged hatchery yearling chinook released from Leavenworth

and Winthrop hatcheries was estimated at 50.1% and 42.7%, respectively, to McNary Dam tail-

race (Table 40).  These survival estimates are 10-42% lower than in the past three years.  The esti-

mated survival of subyearling chinook released from Wells Hatchery to McNary Dam tailrace was

21.1%, nearly the same as last year, but over 38% lower than in the prior two years.  The 2001

survival estimates for subyearling chinook released from Priest Rapids and Ringold hatcheries to

McNary Dam tailrace were similar to those of 1999 and higher than those of 2000. 

The 2001 seasonal average survival estimates for fish PIT tagged (mixture of hatchery and

wild fish) and released from Rock Island Dam to the tailrace of McNary Dam were 55.2% for

yearling chinook, 18.6% for steelhead, 63.6% for sockeye, and for 

subyearling chinook, 32.9% before July 20 and 22.0% afterwards (Table 41).  The 2001

seasonal estimates were lower than in the past three years for PIT tagged smolts except sockeye,

however, the sockeye survival estimates have had wide confidence intervals in 2000 and 2001.

TABLE 38. Average reach survival estimates of Snake River basin PIT tagged yearling chinook and 
steelhead from Lower Granite Dam tailrace to McNary Dam tailrace in 2001.

Species 
Date 

Range 
No. of   

Blocks* 
Average 
Survival 

Lower 
Limit 

Upper 
Limit 

Hatchery Chinook     
  4/1-5/12 6 0.565 0.540 0.591 
  5/13-5/19 1 0.438 0.405 0.471 
 5/20-6/2 2 0.194 0.128 0.259 
Wild Chinook     
  4/15-4/28 2 0.596 0.570 0.621 
  4/29-5/12 2 0.521 0.499 0.543 
 5/13-5/19 1 0.439 0.404 0.473 
 5/20-5/26 1 0.229 0.192 0.265 
  5/27-6/2 1 0.118 0.087 0.150 
Hatchery Steelhead     
  4/22-5/19 4 0.172 0.153 0.192 
 5/20-5/26 1 0.041 0.025 0.057 
Wild Steelhead     
  4/22-5/19 4 0.172 0.156 0.189 
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Estimates of Survival:

The most dramatic reduction in survival was estimated for steelhead with the 2001 survival esti-

mate over 200% lower than in the prior three years.

* date range of volitional release is denoted with letter V.

TABLE 39. Annual average reach survival estimates of Snake River basin PIT tagged yearling hatchery 
chinook and hatchery steelhead from release site to John Day Dam tailrace in 2001 compared to 1998 - 
2000.

Tag      Date  Release   Lower Upper 
Site Species Year Range* Number Survival  Limit Limit 

McCall Hatchery              
  Chinook 1998 3/30 47340 0.374 0.328 0.420 
    1999 4/6-4/7 47985 0.549 0.390 0.708 
  2000 4/3-4/5 47709 Estimate not available to JDA 
  2001 3/26-3/29 55129 0.265 0.184 0.346 
Rapid River Hatchery              
  Chinook 1998 V: 3/16-4/21 48339 0.440 0.349 0.532 
    1999 V: 3/18-4/26 47813 0.578 0.470 0.686 
  2000 V: 3/17-4/25 47748 0.522 0.325 0.719 
  2001 V: 3/15-4/24 55091 0.365 0.309 0.422 
Imnaha Acclimation Pond              
  Chinook 1998 4/6 19827 0.409 0.336 0.481 
    1999 V: 3/16-4/16 19939 0.474 0.405 0.544 
  2000 V: 3/22-4/18 20819 0.425 0.264 0.586 
  2001 V: 3/21-4/16 20922 0.418 0.340 0.497 
Dworshak Hatchery              
  Chinook 1998 3/25-3/26 47704 0.477 0.296 0.657 
    1999 4/7-4/8 47845 0.560 0.456 0.664 
  2000 3/23; 4/5-4/6 47745 0.513 0.349 0.678 
  2001 3/28 55142 0.280 0.247 0.313 
Catherine Ck Acc. Pond       
 Chinook 2001 V: 4/1-4/16 20915 0.205 0.105 0.304 
Dworshak Hatchery              
  Steelhead 1998 4/27-4/30 1500 0.500 0.347 0.652 
    1999 4/26-4/30 3715 0.481 0.408 0.554 
  2000 5/3-5/5 4208 0.408 0.101 0.714 
  2001 4/23-4/26 4205 0.064 0.024 0.104 
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TABLE 40. Annual average reach survival estimates of Mid-Columbia River basin PIT tagged yearling and 
subyearling hatchery chinook from release site to McNary Dam tailrace in 2001 compared to 1998 - 2000.

Tag       Release  Lower Upper 
Site Species Age Year Date Range Survival  Limit Limit 

Winthrop NFH            
  Chinook 1 1998 4/14 0.608 0.478 0.739 
     1999 4/15 0.568 0.527 0.609 
   2000 4/10 0.483 0.419 0.546 
   2001 4/17 0.427 0.409 0.445 
Leavenworth NFH             
  Chinook 1 1998 4/20 0.546 0.491 0.602 
     1999 4/19 0.586 0.550 0.622 
   2000 4/18 0.593 0.520 0.667 
   2001 4/17 0.501 0.484 0.517 
Wells SFH             
  Chinook 0 1998 6/10 0.291 0.241 0.340 
     1999 6/19 0.373 0.281 0.465 
   2000 6/19 0.210 0.168 0.253 
   2001 6/20 0.211 0.166 0.257 
Priest Rapids SFH             
  Chinook 0 1999 6/14-6/23 0.757 0.679 0.836 
   2000 6/15-6/27 0.666 0.577 0.755 
   2001 611-6/19 0.746 0.670 0.794 
Ringold SFH             
 Chinook 0 1999 6/16 0.835 0.740 0.929 
   2000 6/17-6/19 0.540 0.475 0.604 
   2001 6/20-6/21 0.732 0.684 0.780 
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Estimates of Survival:

* Identifies a year with a significant "between blocks (temporal releases)" variance component.  For those years, survival esti-

mates are presented separately for each set of blocks that differ significantly.

TABLE 41. Annual average reach survival estimates of Mid-Columbia River basin PIT tagged smolts 
(mixture of wild and hatchery fish) from release at Rock Island Dam to McNary Dam tailrace in 2001 
compared to 1998 - 2000.

Tag      Date  No. of Average  Lower Upper 
Site Species Year Range Blocks Survival  Limit Limit 

Rock Island Dam             
  Chinook 1998 4/19-6/2 6 0.712 0.555 0.868 
  Age 1 1999 4/20-5/31 3 0.750 0.673 0.827 
  2000 4/21-6/2 3 0.833 0.674 0.992 
  2001 4/23-6/6 2 0.552 0.481 0.623 
Rock Island Dam              
  Steelhead 1998 4/24-5/22 7 0.595 0.504 0.686 
    1999 4/20-5/22 3 0.639 0.578 0.699 
  2000 4/21-6/2 3 0.663 0.490 0.837 
  2001 5/1-6/3 4 0.186 0.124 0.249 
Rock Island Dam              
  Sockeye  1998 4/15-5/19 6 0.682 0.559 0.805 
    1999* 4/20-5/3 1 0.650 0.561 0.739 
    1999* 5/4-5/22 1 0.456 0.381 0.532 
  2000 4/21-5/24 2 0.634 0.183 1.085 
  2001 5/23-6/1 1 0.636 0.350 0.922 
Rock Island Dam              
  Chinook 1998 6/24-7/21 5 0.616 0.541 0.690 
  Age 0 1999 6/17-7/31 3 0.549 0.469 0.630 
  2000 6/19-8/19 5 0.596 0.516 0.676 
  2001* 6/26-7/18 3 0.329 0.281 0.377 
  2001* 7/20-7/27 1 0.220 0.164 0.277 
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Overview

IV.  ADULT FISH PASSAGE

A.  Overview

Annually, adult salmon (all species and races) along with other anadromous fish such as

lamprey, shad and resident fishes are counted as they migrate upstream past mainstream Colum-

bia and Snake River dams.  These fish are either videotaped as they pass through the counting

slots or are directly counted by personnel.  Fish counting seasons normally run from early spring

through late fall. Washington Department of Fish and Wildlife (WDFW) contracts to count fish at

Corps of Engineer (COE) projects while the Public Utility Districts (PUD) contract personnel to

count adult fish at their dams.  Daily counts from each dam are reported to the COE and final data

are compiled and incorporated in an annual Fish Passage Report by the COE.  In addition, fish

counts are daily updated on Web sites including the FPC Web site.

The Fish Passage Center reports on adult fish passage and passage conditions at the dams

throughout the adult fish migration.  The FPC Weekly Report incorporates adult fish counts for

that season and compares that total to the previous year as well as the 10-year average through the

same block of time.  An annual report titled Adult Fishway Inspections at the Mainstream Snake

and Columbia River Dams summarizes inspections made at the COE and PUD projects.  The

inspections are completed to assure that adult fishways are maintained at acceptable criteria levels

throughout the fish passage season.  State and Federal fish agencies complete the fish facilities

inspections.

Some general conditions occurring during the 2001 adult fish passage season that might

have affected fish passage at the mainstream dams are listed.

• As normal, water temperatures warmed to the lower 70°F during the summer and late fall,

2001 and caused some delay in the steelhead passage this season.

• Aquatic grasses such as milfoil are becoming more plentiful in the Columbia River and have

spread to the lower river.  These grasses tend to drift down to the projects in increasing amounts

annually.  At times, these grasses can be a major problem when they become entrained on dif-

fusion gratings, intake screens, and other places that require additional maintenance to clear

these grasses.  
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• River flows during the spring and early summer were lower than during a more normal season

and this reduced flow resulted in less spill at the mainstem dams.  However, adult fish passage

conditions appeared excellent during the spring and early summer months.  Fallback was mini-

mal this year.  Personnel at the Lower Granite Dam trapping site reported few fish with head

burn symptoms (<1%); about 13% of the spring and summer chinook had evidence of marine

mammal attacks; personal communication w/NMFS.        

• The COE and PUD should continue to upgrade fish facilities, especially in regard to protecting

increasing numbers of adult fish that are presently returning to the Columbia River and tribu-

taries.

B.  Adult Fish Counts 

Overall, this season's return of adult salmon to the Columbia River was memorable, with

record-breaking fish counts for most species of salmon at Bonneville Dam and many upriver sites.

About 868,000 adult chinook salmon, 260,000 coho salmon, 115,000 sockeye salmon and

633,000 steelhead were counted at Bonneville Dam in 2001.  Whether adult returns will remain at

these high levels and rebuilding of "Threatened and Endangered" runs will become a reality, is a

question asked throughout the Region.  Some encouraging signs prevail, such as excellent jack

returns to many facilities give hope that perhaps some of the valleys noted in the adult fish counts

might be filled over time and numbers of adult fish will rebuild to a point that harvestable num-

bers will be available in future years throughout the Columbia River basin.  Adult returns to main-

stem dams are summarized for the various species and runs of salmon for year 2001.  

1. Spring Chinook Salmon

In 2001, the counted total of adult spring chinook salmon returning to Bonneville Dam

was a record-high 391,367, more than double the near record high total of 178,600 that returned in

2000.  The 2001 record return of spring chinook to Bonneville Dam included a sports fishery

downstream of Bonneville Dam; the first since the 1970s.  This year's adult run was comprised of

a mixture of 3-, 4- and 5-year old fish that spend one to three years of their life cycle in the ocean.

About 88% of the 2001 adult spring chinook run was comprised of 4-year old chinook based on

sampling results completed at the Bonneville Dam adult trapping facility by CRITFC.  About 9%
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of the sample was 5-year old fish with the remaining 3% being jack salmon (3-yr old) fish.  The

Bonneville count of 14,172 spring chinook (jack) salmon was about 3-times greater than the 10-

year average.   The return of jack salmon should lead to another near record return in 2002; the

Technical Advisory Committee is already projecting the upriver run (Bonneville Dam and above)

to exceed 330,000.  Figure 28 illustrates the huge increase of adult spring chinook in 2000 and

2001 after record low numbers of less than 40,000 fish in 1998 and 1999.        

Approximately 77.3% of the fish passing Bonneville were counted at The Dalles Dam this

year.  The Wind, Klickitat, Little and Big White Salmon, and Hood rivers all support spring chi-

nook via hatchery programs or programs to establish "natural" runs in these Basins.  A limited

commercial Tribal fishery on adult spring chinook was allowed as well as a sport fishery in the

tributaries this season.       

About 56.6% of the spring chinook counted at The Dalles Dam chose the Snake River.

This percentage was much higher than the 2000 and 1999 returns to the Snake River basin.  The

fish count at Lower Granite Dam was 171,958, about 4.3 times greater than the next highest count

since 1975.  Estimated hatchery chinook at Lower Granite Dam comprised a minimum of 76% of

the run [note that this percentage is based only on the absence of the adipose fin].  The unclipped

fish are considered to be "wild" or "natural" fish.  In some cases a poorly clipped fin or missed

clipping of a fin can lead to the mis-identification of a hatchery fish as a wild fish.  The spring chi-

nook count in the Snake River was at the all-time low of about 1,500 as recent as 1995, but has

certainly in this short time period turned around and rose to the all-time high record return of adult

spring chinook in 2001.  The number of "jack" spring chinook salmon that returned to the Snake

River reduced to near 3,000, about 1/3 the 2000 return, but still 175% of the 10-year average.        

The spring chinook count at Priest Rapids Dam was 50,379 with almost 40,000 arriving at

Rock Island Dam.  The 2001 count was about 2.6 times and 5.3 times greater than the respective

2000 and 10-year average adult spring chinook count at both projects. The Yakama River had an

adult return of near 21,500 for the 2001 migration.  Most spring chinook returning to the Mid-

Columbia River are hatchery reared fish; with the exception of the Yakama River.  In the Mid-

Columbia not all hatchery spring chinook are fin clipped to signify being of hatchery origin and

no hatchery/wild adult return estimates were made from the fish counts.  Numbers of "wild" chi-

nook in the tributaries located above Rock Island Dam are still at extremely low levels.    
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Spring chinook "jack" salmon count at Priest Rapids Dam was 987, about 90% of the 2000

"jack" returns and 3.4 times greater than the 10-year average.  Expected return of adult salmon to

the upper Columbia River in 2002 should be near 51,000 plus another 21,800 for the Yakama

River basin based on TAC estimates.

2. Summer Chinook

The summer chinook count at Bonneville Dam was 76,156, about 2.5 and 3.6 times

greater than the respective 2000 and 10-year average.  The summer chinook count at McNary

Dam reduced to 67,914, about 89% of the Bonneville Dam count (Note: There is no summer chi-

nook spawning between Bonneville and McNary dams. 

About 15,300 adult summer chinook were counted at Ice Harbor Dam with near 14,000

passing Lower Granite Dam in 2001.  The summer chinook count at Lower Granite was about 3.5

times greater than the 2000 and 10-year average.  Snake River summer chinook are mainly des-

tined for the South Fork of the Salmon River and its tributaries and Pahsimeroi River.  This year's

count of summer chinook "jacks" also was near 3,800 at Lower Granite Dam, almost identical to

the 2000 total, but 4.4 times greater than the 10-year average at the project.  The 2002 forecast by

TAC is estimated to be near 17,000 adult summer chinook for the Snake River.   

The Mid-Columbia count of adult summer chinook was 53,170, a total about 2.4 and 3.6

times greater than the respective 2000 and 10-year average.  The passage of summer chinook at

Rock Island Dam was 48,844 with 39,174 recorded at Rocky Reach Dam.  Summer chinook des-

tined for the Wenatchee River basin comprised about 20% of the Run with the remaining 80%

passing upstream of Rocky Reach Dam.  Summer chinook can be either trapped at Wells Dam or

volitionally enter Wells Hatchery for their hatchery program.  As occurred in previous years, the

return of "jack" summer chinook counted at Priest Rapids Dam was far less, about 24.5% of the

jack count at Rock Island Dam and 58% of the Rocky Reach count.  Overall, this suggests that

highly variable counts are occurring when enumerating "jack" summer chinook in the Mid-

Columbia this season as well as in previous years (See 2000 and 10-year average)

3. Fall Chinook 

The number of fall chinook counted at Bonneville Dam was 400,410 with an additional

74,503 jack chinook salmon also counted.  The 2001 adult count was double the 2000 and 10-year
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average counts, while the jack count was 1.3 and 2.3 times greater than the respective 2000 and

10-year average.  The number of adult fall chinook (Bright component) that arrived at McNary

Dam was near 110,500 (Figure 29), and exceeded the year 2000 and 10-year average.  Most fall

chinook passing McNary Dam are "wild" origin and generally destined for the Hanford Reach to

spawn.  Numbers counted at Rock Island and upstream dams have been increasing during the past

few years as noted when compared to the 10-year average.  

Tule fall chinook estimated from the fish counts at Bonneville Dam totaled near 128,000

with 48,702 adult chinook arriving at Spring Creek NFH, located in the Bonneville Dam pool

(Figure 30).  The number of Tule jack chinook rebounded from a near record low of 261 in 1999

to 12,037, a record high total returning to Spring Creek NFH.

The turn-off into the Snake River of 13,381 adult fall chinook was double the 2000 total;

and the 10,000 jack salmon that returned was near equal the 2000 count but was 3.9 times greater

than the 10-year average.  Passage of adult fall chinook at Lower Granite Dam was 2.3 and 5.1

times greater than the respective 2000 and 10-year average.                           

4. Sockeye Salmon 

The number of sockeye salmon returning to Bonneville Dam was 114,934 for the season.

The bulk of sockeye in the Columbia River are destined for the Mid-Columbia River with approx-

imately 71% destined for Lake Osoyoos and 29% destined for Lake Wenatchee in 2001.  This

year's return was greater than the 2000 count and about 2.5 times greater than the 10-year average.      

Sockeye salmon recovery efforts in the upper Salmon basin continued with captive brood

stock, habitat and other enhancement efforts in Red Fish, Alturas, and Pettit Lakes.  In 2001, 36

adult sockeye were counted at Lower Granite Dam.  

5. Coho Salmon

The combined return of adult and jack count of coho salmon in 2001 was about 260,000,

triple the 2000 return, and 7.7 times greater than the 10-year average at Bonneville Dam.  The

count of coho was a record-high total over Bonneville Dam, partly due to release of additional

juvenile fish into river basins above Bonneville Dam. The majority of coho passing Bonneville

Dam still "home" into rivers and hatcheries located in the Bonneville pool.  About 43,300 adult

coho were counted at John Day Dam with most normally destined for either the Umatilla River or
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the Yakama River.  About 20,000 adult coho passed McNary Dam with most expected to enter the

Yakama River.  Based on fish counts at Rock Island and Rocky Reach dams, about 5,000 adult/

jack coho may have returned to the Wenatchee River.  A small number of coho entered the Snake

River basin and are part of on-going efforts to establish coho again in the upper basins.  

6. Steelhead 

The count of steelhead at Bonneville Dam totaled 633,464 and exceeded all counts

recorded at Bonneville Dam since 1938.  The count at The Dalles Dam was 503,327, John Day

reported 483,409, and McNary Dam was 398,784.  

The count at Ice Harbor Dam was 255,726 with Lower Granite reporting 262,558.  The

Snake River steelhead count at Lower Granite Dam was about 250% and 353% of the respective

2000 and 10-year average.  Adult returns of steelhead to the Snake River are comprised mainly of

hatchery-reared fish and support a sport fishery while the "wild" steelhead remain depressed and

are listed as "Threatened" under the ESA.  Numbers of "wild" steelhead increased to about 47,700

at Lower Granite in 2001. 

The Mid-Columbia count of steelhead at Priest Rapids Dam was about 29,700, 258% and

335% of the respective 2000 and 10-year average.  About 27,900 steelhead were counted at Rock

Island with 18,500 above Wells Dam.  Wild steelhead and Wells stock hatchery steelhead in the

upper Mid-Columbia River remain depressed and are listed as "Threatened" under the ESA. 
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TABLE 42. 2001 Adult Year to Date Totals

DAM Adult Jack Adult Jack Adult Jack Adult Jack Adult Jack Adult Jack Adult Jack Adult Jack Adult Jack

BON 391,367 14,172 178,302 21,259 70,775 4,654 76,156 14,723 30,616 13,554 21,085 3,689 400,170 74,486 192,234 55,187 176,945 31,196

TDA 302,372 9,953 102,953 14,796 41,161 3,200 71,462 10,926 25,147 10,433 16,934 2,708 181,316 51,765 124,579 37,698 100,992 21,616

JDA 262,221 6,181 86,553 12,157 33,812 2,643 64,186 10,049 23,023 8,113 15,922 2,287 124,747 41,620 102,469 36,505 78,265 17,030

MCN 258,689 6,683 64,647 10,836 30,645 2,566 67,914 9,600 20,544 7,152 16,193 2,237 110,517 36,381 67,181 20,012 65,376 16,382

IHR 171,173 3,026 38,807 9,489 16,921 1,647 15,270 2,397 4,241 3,179 4,326 762 13,516 10,170 6,431 9,703 3,999 2,491

LMN 180,787 1,784 35,520 10,336 15,613 1,755 19,287 1,612 4,680 3,277 4,108 777 13,297 8,512 5,388 9,548 2,948 2,236

LGS 174,823 2,990 34,330 10,152 14,769 1,744 15,929 2,803 4,204 3,788 3,944 847 10,550 7,275 3,473 6,500 1,852 1,353

LWG 171,958 3,136 33,822 10,318 13,830 1,676 13,735 3,804 3,939 3,756 4,106 857 8,919 8,830 3,576 6,676 1,550 1,207

PRD 50,379 987 20,098 1,092 9,843 292 53,170 3,207 22,306 2,504 14,742 806 24,288 6,559 37,768 6,271 13,960 2,413

RIS 39,785 1,761 14,850 1,558 7,292 362 48,844 13,086 20,251 12,056 12,475 2,102 13,357 6,294 8,247 2,939 4,589 1,717

RRH 15,895 543 5,336 392 1,847 90 39,174 5,548 14,633 4,198 6,239 868 9,072 3,956 5,029 1,339 2,908 1,052

WEL 9,989 892 2,130 457 869 97 33,244 4,882 6,447 3,709 3,571 703 6,928 2,672 2,019 1,195 1,102 399

DAM Adult Jack Adult Jack Adult Jack

BON 259,520 6,787 83,738 11,160 31,265 3,773 114,946 93,398 46,485 633,065 274,682 226,178 149,317

TDA 62,378 2,179 24,860 4,500 7,467 1,221 102,562 73,383 36,197 503,327 204,504 160,634 125,120

JDA 48,870 2,311 20,356 3,364 6,075 1,061 107,869 88,372 38,896 483,409 218,434 148,958 112,335

MCN 22,919 1,812 11,023 995 2,933 404 97,188 60,242 37,157 398,784 128,537 119,509 94,384

IHR 1,286 74 885 194 109 20 28 216 31 255,726 117,551 94,316 46,258

LMN 797 159 535 160 63 17 32 291 37 252,843 110,228 84,216 45,689

LGS 490 50 278 0 40 0 74 296 42 232,669 98,755 72,879 44,150

LWG 925 110 741 31 99 5 36 299 37 262,407 104,656 74,341 47,711

PRD 10,144 1,045 335 37 46 4 111,320 89,547 44,813 29,675 11,168 8,559 **

RIS 10,465 0 1,605 0 171 0 104,847 76,515 39,214 28,602 10,410 7,326 16,252

RRH 1,628 0 520 0 59 0 66,222 57,428 23,367 22,027 8,147 5,084 10,664

WEL 609 7 0 0 16 2 74,490 59,944 22,414 18,483 6,121 3,885 8,381

Cumulative Adult Passage at Mainstem Dams Through: 12/31/01

Spring Chinook Summer Chinook Fall Chinook
2001 2000 10-Yr Avg. 2001

10-Yr Avg.

2001

10-Yr Avg.

Coho Sockeye Steelhead

2000 10-Yr Avg. 2001 2000

10-Yr 

Avg.

Wild 

2001

**PRD is not reporting Wild Steelhead numbers.

2000

10-Yr 

Avg. 2001 2000

2001 2000

These numbers were collected from the COE's Running Sums text files.
Wild steelhead numbers are included in the total.
Historic counts (pre-1996) were obtained from CRITFC and compiled by the FPC.
Historic counts 1997 to present were obtained from the Corps of Engineers.
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FIGURE 28. Adult Counts at Bonneville Dam, through 2001.
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FIGURE 29. Upriver bright Fall Chinook passage at McNary Dam, 1986 to 2001.

FIGURE 30. Tule Fall Chinook returns to Spring Creek Hatchery, 1986 to 2001.
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General Overview

V. COLUMBIA RIVER BASIN HATCHERY 
RELEASES

A.  General Overview

The Fish Passage Center maintains a hatchery database of anadromous salmon species

released from State, Federal, and Tribal hatcheries for archived numbers, from 1979 to the present

year, 2001.  The Fish Passage Center receives preliminary hatchery release schedules that are

updated through the year until the release numbers are "finalized" by the State, Federal, and Tribal

fish agencies.  Proposed hatchery releases are generally updated on a weekly basis during the

spring and summer season to assure that the Salmon Managers will have accurate information

relating to the migration of juvenile fish from Columbia River hatcheries upstream of Bonneville

Dam.

The FPC hatchery release schedules do not include eggs that might be placed in egg boxes

or planted in the gravel of Columbia River streams.  Fry plants (not fall chinook fry) are included

in the release schedules but will usually be listed as migrating the following year.  The fry release

totals are not normally calculated in the annual total for that year.  Also fish that were determined

to be non anadromous by the fish managers are not included in the FPC hatchery release schedule

(an example would be subyearling summer chinook released in Lake Chelan; these fish normally

do not migrate from the lake).  

In 2001, about 71 million juvenile salmon were released from Federal, State, Tribal or pri-

vate hatcheries into the Columbia River Basin above Bonneville Dam.  Table __ gives hatchery

release totals by River zone, Snake River, Mid-Columbia, and Lower Columbia.  The 2001 hatch-

ery release totals were reduced about 14.5% from the previous season.
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The 2001 Hatchery Release Schedule (Appendix __) lists the agency, hatchery, release numbers

along with other pertinent data such as mark groups, number per pound, date of release, release

site, and river zone. The Year 2001 Release Schedule can be accessed at the FPC Website Home

Page under Hatchery Data, and then Query Current and Historic Hatchery Database (1979-2002).

Table 44, Table 45, and Table 46 list the hatchery release totals from 1980 through 2001 for the

Snake, Mid-Columbia, and Lower Columbia Rivers respectively. 

The primary factors affecting the 2001 hatchery release numbers were:

      1.  Hatchery spring chinook released in 2000 decreased by 3.3 million.

      2.  Tule fall chinook released from Spring Creek NFH totaled 10.6 million

           about 5.0 million below normal production for the facility and the

           upriver bright fall chinook numbers were also decreased by 3.7 million.

      3.  Coho production was reduced about 1 million from the previous year.

      4.  The only substantial gain in release numbers by species was the 1.6

            million increase in production releases of hatchery summer chinook

            in the combined Snake and Mid-Columbia rivers. 

B.  Lower Columbia River

The Lower Columbia River is designated as the Reach from above Bonneville Dam to

McNary Dam. This Reach accounted for approximately 43.1% of the fish released above Bonnev-

TABLE 43.  Summary of Hatchery Releases by Species and Release Area for 2001.

Species Snake River Mid-Columbia Lower Columbia Total 
Spring Chinook 2,801,410 3,258,547 5,853,807 11,913,764 

Summer Chinook 1,343,943 4,324,169 0 5,668,112 

Fall Chinook “Brights” 2,536,218 11,976,344 6,835,818 21,348,380 

Fall  Chinook “Tules” 0 0 10,569,810 10,569,810 

Coho 597,192 2,151,318 6,762,367 9,510,877 

Sockeye 86,017 241,216 0 327,233 

Steelhead 9,796,039 1,291,813 603,293 11,691,145 

TOTAL 17,160,819 23,243,407 30,625,095 71,029,321 
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ille Dam in 2001. The release total of 30.6 million was less than in normal years mainly due to the

reduced total of tule fall chinook liberated from Spring Creek NFH. Overall, 56.8% or 17.4 mil-

lion of the 30 million hatchery fish released in this River Zone were yearling or subyearling

upriver Bright fall or subyearling chinook stocks (Table 44). 

About 10.6 million Tule fall chinook were released from Spring Creek NFH about 5 mil-

lion below the normal production goal for the hatchery. The Bonneville pool remains the only

area that Tule fall chinook are present above Bonneville Dam. No unfed fry were released from

Spring Creek NFH (excess are normally released in mid-December). About 6.8 million Bright fall

chinook were released in the Klickitat, Little White Salmon, and Umatilla rivers, a decrease from

the previous year. Yearling releases continue to comprise a small portion of the total release; most

are subyearling fall chinook released during the late spring and early summer time frame. This

year's total of 17.4 million fall chinook was the lowest listed in the FPC database since 1979.                     

The total number of yearling and subyearling spring chinook released from Lower Colum-

bia River hatcheries was 5.85 million, about equal to the previous two-year release totals.

(Table 44). The 2001 spring chinook production in this Reach was greater than in either the Snake

River or Mid-Columbia Reach. Subyearling spring chinook (580,000) were released in the upper

Klickitat River and Big White Salmon rivers in May. Yearling spring chinook (about 5.3 million)

were released in the Wind, Klickitat, Little White Salmon, Hood, Umatilla, and Deschutes rivers

from late March to May time frame.

The number of coho salmon released in 2001 in the lower Columbia Reach was about 6.8

million, a decrease from the 2000 total, but close to the previous 5 years that ranged between 6.7

and 8.0 million fish. Hatchery reared coho (both Type-S and Type-N) were released in the Klicki-

tat, Little White Salmon, and Umatilla rivers. Hatcheries located below Bonneville Dam supply a

large portion of the coho planted in the Klickitat and Umatilla rivers. 

Both summer and winter race steelhead are released in this Reach, with 15-Mile Creek

(just below The Dales Dam) being the upper boundary for the Winter-run steelhead. The number

of steelhead (summer and winter races) released in 2001 was about 603,000, and falls within the

range recorded in this Reach since 1991 (583k to 689k). Since 1980, steelhead releases have aver-

aged about 630k per year. Winter steelhead releases totaled about 75,000 for the year, similar to

the previous 2-years. Winter steelhead were released in Hood and Big White Salmon rivers.

About 528k summer steelhead were stocked in the Klickitat, Hood, Deschutes, and Umatilla riv-
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ers. The John Day River remains a "wild" stream with no steelhead or chinook released in that

River basin. No hatchery steelhead have been released in the Wind River since 1998. Hatcheries

located below Bonneville Dam, Skamania [WDFW], and Oak Springs [ODFW]) supplied Winter

Run steelhead and some Summer Run steelhead released in this Reach.

   

           

C.  Mid-Columbia River

The Lower Columbia River is designated as the Reach from above Bonneville Dam to

McNary Dam. This Reach accounted for approximately 43.1% of the fish released above Bonnev-

ille Dam in 2001. The release total of 30.6 million was less than in normal years mainly due to the

reduced total of tule fall chinook liberated from Spring Creek NFH. Overall, 56.8% or 17.4 mil-

TABLE 44. Lower Columbia Hatchery Releases, 1979-2001.

Year Spring 
Chinook

Summer 
Chinook

Fall 
Chinook  

Steelhead Coho Sockeye Totals

1979 3,491,500 110,500 40,975,000 456,500 3,288,000 0 48,321,500
1980 5,806,000 0 31,896,000 819,000 5,495,500 0 44,016,500
1981 6,066,500 0 35,936,500 609,500 4,391,500 0 47,004,000
1982 4,692,500 0 28,093,500 746,000 4,412,500 0 37,944,500
1983 6,003,500 0 34,141,500 631,000 4,912,500 0 45,688,500
1984 6,529,645 0 24,256,048 777,125 4,984,334 0 36,547,152
1985 6,344,905 0 20,804,201 744,290 2,162,846 0 30,056,242
1986 7,234,772 0 19,245,721 588,905 6,736,127 64,384 33,869,909
1987 6,099,130 0 18,149,291 404,000 9,292,000 0 34,002,428
1988 7,628,500 0 20,147,500 447,000 8,690,000 0 36,913,000
1989 8,891,430 0 24,805,762 555,526 8,451,762 0 42,709,616
1990 11,977,052 0 19,347,320 513,171 8,579,511 0 40,417,054
1991 9,046,069 0 27,266,266 583,156 8,467,969 0 45,363,460
1992 8,406,011 0 32,907,850 651,066 6,405,391 0 48,370,318
1993 7,435,146 0 30,927,448 689,196 8,954,465 0 48,006,255
1994 8,204,213 0 27,950,458 652,320 6,299,002 0 43,105,993
1995 6,939,030 0 24,858,274 587,171 6,712,604 0 39,097,079
1996 4,387,575 0 26,442,513 676,167 8,021,423 0 39,527,678
1997 4,093,528 0 23,233,638 688,909 6,763,470 0 34,779,545
1998 8,191,856 0 31,805,034 681,591 7,254,648 0 47,933,129
1999 5,488,404 0 19,322,806 621,079 7,186,404 0 32,618,693
2000 5,320,322 0 28,615,317 635,308 8,021,720 0 42,592,667
2001 5,853,807 0 17,405,628 603,293 6,762,367 0 30,625,095
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lion of the 30 million hatchery fish released in this River Zone were yearling or subyearling

upriver Bright fall or subyearling chinook stocks (Table 45). 

About 10.6 million Tule fall chinook were released from Spring Creek NFH about 5 mil-

lion below the normal production goal for the hatchery. The Bonneville pool remains the only

area that Tule fall chinook are present above Bonneville Dam. No unfed fry were released from

Spring Creek NFH (excess are normally released in mid-December). About 6.8 million Bright fall

chinook were released in the Klickitat, Little White Salmon, and Umatilla rivers, a decrease from

the previous year. Yearling releases continue to comprise a small portion of the total release; most

are subyearling fall chinook released during the late spring and early summer time frame. This

year's total of 17.4 million fall chinook was the lowest listed in the FPC database since 1979.                     

The total number of yearling and subyearling spring chinook released from Lower Colum-

bia River hatcheries was 5.85 million, about equal to the previous two-year release totals.

(Table 45). The 2001 spring chinook production in this Reach was greater than in either the Snake

River or Mid-Columbia Reach. Subyearling spring chinook (580,000) were released in the upper

Klickitat River and Big White Salmon rivers in May. Yearling spring chinook (about 5.3 million)

were released in the Wind, Klickitat, Little White Salmon, Hood, Umatilla, and Deschutes rivers

from late March to May time frame.

The number of coho salmon released in 2001 in the lower Columbia Reach was about 6.8

million, a decrease from the 2000 total, but close to the previous 5 years that ranged between 6.7

and 8.0 million fish. Hatchery reared coho (both Type-S and Type-N) were released in the Klicki-

tat, Little White Salmon, and Umatilla rivers. Hatcheries located below Bonneville Dam supply a

large portion of the coho planted in the Klickitat and Umatilla rivers. 

Both summer and winter race steelhead are released in this Reach, with 15-Mile Creek

(just below The Dalles Dam) being the upper boundary for the Winter-run steelhead. The number

of steelhead (summer and winter races) released in 2001 was about 603,000, and falls within the

range recorded in this Reach since 1991 (583k to 689k). Since 1980, steelhead releases have aver-

aged about 630k per year. Winter steelhead releases totaled about 75,000 for the year, similar to

the previous 2-years. Winter steelhead were released in Hood and Big White Salmon rivers.

About 528k summer steelhead were stocked in the Klickitat, Hood, Deschutes, and Umatilla riv-

ers. The John Day River remains a "wild" stream with no steelhead or chinook released in that

River basin. No hatchery steelhead have been released in the Wind River since 1998. Hatcheries
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located below Bonneville Dam, Skamania [WDFW], and Oak Springs [ODFW]) supplied Winter

Run steelhead and some Summer Run steelhead released in this Reach.

 

D.  Snake River

The total release of all species of salmon in the Snake River basin was 17.2 million for the

2001 migration season, about 3.8 million less than the preceding year (Table 46). Basically, the

reduction of fish released in this Zone was the shortfall of juvenile spring chinook salmon

released from IDFG, ODFW, USFWS, and WDFW hatcheries. Fall chinook production also

declined from the previous year, but overall, fall chinook numbers appear to be increasing. The

2001 production from hatcheries and acclimation facilities are still rebuilding numbers of spring

chinook salmon after the all-time low production in 1996 and 1997.         

The 2001 production release of hatchery spring chinook in the Snake River basin totaled

about 2.8 million, the 3rd lowest on the FPC database since 1979. Yearling spring chinook were

TABLE 45. Mid-Columbia Hatchery Releases, 1979-2001.

Year Spring 
Chinook

Summer 
Chinook

Fall 
Chinook  

Steelhead Coho Sockeye Totals

1979 3,509,000 2,501,000 826,500 592,500 640,000 0 8,069,000
1980 4,788,000 2,638,000 3,327,500 873,000 1,206,500 0 12,833,000
1981 5,161,000 2,271,500 5,115,500 985,000 1,089,500 0 14,622,500
1982 5,186,500 3,010,500 6,297,500 1,263,500 482,500 0 16,240,500
1983 4,369,000 1,609,000 10,276,500 1,471,500 536,000 0 18,262,000
1984 6,492,744 1,240,865 15,548,324 1,587,329 517,100 0 25,386,362
1985 4,796,554 1,630,322 10,789,141 1,345,923 389,005 64,031 19,016,813
1986 4,651,848 1,992,057 10,402,956 1,504,450 556,017 64,926 19,259,428
1987 4,585,223 1,413,000 8,606,441 1,748,868 911,500 25,000 17,308,132
1988 6,034,795 2,144,500 9,769,500 2,167,000 1,329,500 47,500 21,492,795
1989 4,565,017 2,597,099 7,571,364 1,810,287 1,084,753 107,299 17,735,819
1990 8,800,002 1,912,708 9,339,478 1,822,491 1,118,138 91,999 23,084,816
1991 6,455,727 2,258,293 7,195,765 1,913,905 1,126,683 616,038 19,566,411
1992 5,250,389 2,551,616 7,216,100 1,382,511 1,246,195 107,052 17,753,863
1993 4,305,286 1,800,199 8,862,582 1,368,682 1,167,694 354,595 17,859,038
1994 3,803,697 2,097,319 14,162,311 1,440,117 857,783 428,200 22,789,427
1995 5,076,896 2,760,748 14,399,490 1,414,719 666,862 40,963 24,359,678
1996 3,243,054 3,889,547 12,422,257 1,411,096 1,680,209 150,000 22,796,163
1997 1,328,576 3,403,136 12,407,097 1,420,394 1,124,821 339,158 20,023,182
1998 3,328,869 3,537,781 11,924,206 1,472,296 1,739,476 365,784 22,368,412
1999 4,956,745 2,977,364 11,870,800 1,726,741 1,486,500 210,591 23,228,741
2000 3,939,920 2,853,950 12,293,934 1,396,898 1,662,994 142,901 22,290,597
2001 3,258,547 4,324,169 11,976,344 1,291,813 2,151,318 241,216 23,243,407
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released in the Clearwater, Grande Ronde, Salmon, Tucannon, and Imnaha River basins from

hatcheries or acclimation ponds during the spring season. Most spring/summer chinook were adi-

pose or Ventral fin clipped; however, not all hatchery fish were marked in 2001. A portion of the

hatchery production of spring chinook from IDFG and ODFW hatcheries are classified as "listed"

under the ESA. Captive brood stock releases of juvenile salmon are now occurring at some of

these hatcheries. As noted, production releases of yearling spring chinook were extremely

reduced in 2001; however, on the bright side, the 2001 release of 2.8 million compares to the 1997

release of only 478,000. This year's total showed a 586% increase from the 1997 release, so at

least there was some improvement from the 4-year brood cycle.             

About 1.34 million juvenile summer chinook were released from McCall and Pahsimeroi

hatcheries in 2001, a small increase from the 2000 release total. The 2001 release groups were

well above the low production totals experienced from 1996 to 1998. A portion of the hatchery

summer chinook from McCall Hatchery is listed as Threatened under the ESA. Yearling-age sum-

mer chinook from McCall Hatchery are annually trucked to and released at Knox Bridge located

on the S. Fork Salmon River. Supplemental releases of summer chinook were also completed

from the Stolle Meadow Pond during the past few years.               

Hatchery production of Snake River fall chinook was reduced from the previous year but

2.5 million were released in 2001 in the Snake River with another 200,000 subyearling fish

released directly from the barge at a release site below Bonneville Dam. Note that these 200,000

will be accounted for in the Below Bonneville Zone Report.    About 658,000 yearling chinook

were released from Lyons Ferry Hatchery and acclimation facilities at Pittsburg Landing and CPT

Johns on the Snake River and Big Canyon Creek on the Clearwater River. Subyearling fall chi-

nook were released from CPT Johns, Big Canyon and Pittsburg Landing acclimation facilities.

Yearling releases were completed in April with the subyearling chinook released in late May and

June. A portion of the subyearling chinook released from the acclimation sites was unmarked.

Distinguishing "Hatchery from Wild" chinook was not possible as juvenile migrants, and will

continue to be difficult to ascertain when these fish return as adults in future years.      

Production releases of yearling sockeye into Red Fish, Alturas, and Pettit lakes and Red

Fish Lake Creek totaled 86,017, about double the 2000 release total. Releases occurred during the

fall (2000) and spring 2001. All sockeye were 100% marked with adipose fin clips and a small

number of the fish were PIT tagged. Efforts continue to allow adult sockeye to establish a natural
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spawning base in the Lake system to complement the hatchery-reared fish released as juvenile

migrants each year. 

About 597,200 yearling coho salmon were released in the Clearwater River basin in 2001.

This year's release total was reduced from the 1999 and 2000 release groups. The reintroduction

of coho into the Snake River Basin is expected to continue through upcoming years. Most produc-

tion releases have been unmarked, i.e., released with no clipped fins. Adult coho salmon are now

returning to these natal upstream sites and spawning.    

Production of hatchery steelhead in the Snake River basin was similar to 2000 with 9.8

million released in 2001. From 1981 to present, steelhead production has ranged between 8.1 to

12.1 million with the 2001 release groups residing within this range. About 57.1% of the anadro-

mous salmonids released from Snake River basin hatcheries were steelhead. B-Run steelhead

were released in the Clearwater River basin as well as selected areas in the Salmon River Basin.

A-Run steelhead were released in the Salmon, Grande Ronde, Imnaha, and Tucannon River

Basins, and other tributaries of the Snake River. Most steelhead are released during the spring,

late March through late-May and migrate through the River in April and May with the later fish

migrating in June. 
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TABLE 46. Snake River Hatchery Releases, 1979-2001.

Year Spring 
Chinook

Summer 
Chinook

Fall 
Chinook  

Steelhead Coho Sockeye Totals

1979 5,641,500 236,500 0 4,064,000 0 0 9,942,000
1980 6,113,500 0 0 6,328,000 0 0 12,441,500
1981 4,778,000 249,500 0 8,602,500 0 0 13,630,000
1982 3,027,500 264,000 0 8,687,500 209,500 0 12,188,500
1983 5,393,500 198,500 79,000 8,921,500 0 0 14,592,500
1984 7,076,708 356,673 427,191 10,802,035 0 0 18,662,607
1985 8,084,943 781,405 1,317,921 9,419,904 0 210,000 19,814,173
1986 6,314,421 982,443 2,271,520 8,085,953 0 0 17,671,075
1987 10,743,364 1,217,000 1,060,500 8,242,200 0 0 21,601,064
1988 11,230,000 1,777,500 4,981,000 11,726,776 0 0 29,715,276
1989 10,446,274 1,991,300 2,153,882 9,146,283 0 0 23,737,739
1990 13,306,749 2,882,400 3,480,110 11,149,502 0 0 30,818,761
1991 8,908,172 936,100 224,660 12,068,104 0 0 22,137,036
1992 8,006,203 1,507,400 689,601 9,510,474 0 0 19,713,678
1993 4,046,446 982,300 966,793 10,302,377 0 0 16,297,916
1994 6,752,805 1,190,673 603,661 9,600,381 0 0 18,147,520
1995 8,557,388 2,095,143 374,882 10,109,372 0 30,973 21,167,758
1996 1,541,127 676,894 630,612 10,461,986 0 157,095 13,467,714
1997 478,096 360,603 1,137,678 9,959,153 0 1,926 11,937,456
1998 3,176,804 577,618 842,007 9,209,992 695,716 263,307 14,765,444
1999 9,309,857 1,574,369 1,834,739 9,840,622 788,358 151,899 23,499,844
2000 5,968,537 1,172,717 3,234,767 9,775,735 797,474 40,419 20,989,649
2001 2,801,410 1,343,943 2,536,218 9,796,039 597,192 86,017 17,160,819
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CHART 1
Subyearling chinook timing at McNary in 2001 (through 8/14/01) versus 12-yr average
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CHART 3
Median travel time between Lower Granite and McNary Dam of wild subyearling 

chinook passing Lower Granite Dam from June 15 to July 16
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CHART 4
Percent of PIT tagged wild fall chinook detected at Lower Granite Dam

 versus passage index weighted seasonal flow

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

0

10

20

30

40

50

60

70

80

90

100

pi%
wt_flow



Fish Passage Center Annual Report

A-6



A-7



Fish Passage Center Annual Report

A-8



A-9



Fish Passage Center Annual Report

A-10



A-11



Fish Passage Center Annual Report

A-12



A-13



Fish Passage Center Annual Report

A-14



A-15



Fish Passage Center Annual Report

A-16



A-17



Fish Passage Center Annual Report

A-18



B-1

APPENDIX B

Total Dissolved Gas Saturation Plots
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FIGURE B-1. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Lower 
Granite Forebay.

FIGURE B-2. Comparison of the daily average of the 12 highest hourly TDGS readings as report by FPC 
from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Lower 
Granite Tailwater.
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FIGURE B-3. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Little 
Goose Forebay.

FIGURE B-4. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Little 
Goose Tailwater.
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FIGURE B-5. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Lower 
Monumental Forebay.

FIGURE B-6. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Lower 
Monumental Tailwater.
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FIGURE B-7. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Ice 
Harbor Forebay

FIGURE B-8. Comparison of the daily average of the 12 highest hourly TDGS readings as report by FPC 
from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at Ice Harbor 
Tailwater
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FIGURE B-9. Comparison of the daily average of the 12 highest hourly TDGS readings as report by FPC 
from CROHMS data (FPC  TDGS) and as computed from COE final database (COE TDGS) at McNary-
Washington Forebay.

FIGURE B-10. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
McNary-Oregon Forebay. 
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FIGURE B-11. Comparison of the daily average of the 12 highest hourly TDGS reading as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
McNary Tailwater.

FIGURE B-12. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at John 
Day Forebay.
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FIGURE B-13. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at John 
Day Tailwater.

FIGURE B-14. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at The 
Dalles Forebay.
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FIGURE B-15. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at The 
Dalles (downstream).

FIGURE B-16. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
Bonneville Forebay.
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FIGURE B-17. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
Warrendale.

FIGURE B-18. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
Skamania.
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FIGURE B-19. Comparison of the daily average of the 12highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
Camas/Washougal.

FIGURE B-20. Comparison of the daily average of the 12 highest hourly TDGS readings as reported by 
FPC from CROHMS data (FPC TDGS) and as computed from COE final database (COE TDGS) at 
Dworshak Tailwater.
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FIGURE C-1. Percent of fish examined at Bonneville Dam showing signs of GBT with associated dissolved 
gas saturation levels in the Bonneville Dam forebay and the John Day Dam tailwater.

FIGURE C-2. Percent of fish examined at McNary Dam showing signs of GBT with associated dissolved 
gas saturation levels in the McNary Dam forebay (Oregon and Washington sides) and the Ice Harbor Dam 
tailwater
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FIGURE C-3. Percent of fish examined at Lower Monumental Dam showing signs of GBT with associated 
dissolved gas saturation levels in the Lower Monumental Dam forebay and the Little Goose Dam tailwater.

FIGURE C-4. Percent of fish examined at Little Goose Dam showing signs of GBT with associated 
dissolved gas saturation levels in the Little Goose Dam forebay and the Lower Granite Dam tailwater.
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FIGURE C-5. Percent of fish examined at Lower Granite Dam showing signs of GBT with associated 
dissolved gas saturation levels in the Lower Granite Dam forebay and the Dworshak Dam tailwater.

FIGURE C-6. Percent of fish examined at Rock Island Dam showing signs of GBT with associated 
dissolved gas saturation levels in the Rock Island and Rocky Reach Dam forebays and the Grand Coulee 
Dam tailwater.
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FIGURE D-1. Smolt migration timing at Salmon River Trap (WTB) with associated flow, 2001.
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FIGURE D-2. Smolt migration timing at Snake River trap (LEW) and associated flow, 2001.
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FIGURE D-3. Smolt migration timing at Imnaha River trap with associated flows, 2001.
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FIGURE D-4. Smolt migration timing at Grande Ronde River Trap with associated flows, 2001.
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FIGURE D-5. Smolt migration timing at Lower Granite Dam with associated flow, 2001.
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FIGURE D-6. Smolt migration timing at Little Goose Dam with associated flows, 2001.
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FIGURE D-7. Smolt Migration timing at Lower Monumental Dam with associated flow, 2001.
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FIGURE D-8. Smolt migration timing at Rock Island Dam with associated flow, 2001.
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FIGURE D-9. Smolt migration timing at McNary Dam with associated flow, 2001.
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FIGURE D-10. Smolt migration timing at John Day Dam with associated flow, 2001.
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FIGURE D-11. Smolt migration timing at Bonneville Powerhouse II (BO2) with associated flow, 2001.
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FIGURE D-12. Subyearling chinook smolt migration timing at Snake River sites with associated flow, 
2001.

Lower Granite Dam (LGR)

10%
06/11

90%
08/10

0
5

10
15
20
25
30
35
40
45
50

5/1 5/15 5/29 6/12 6/26 7/10 7/24 8/7 8/21 9/4 9/18 10/2 10/16 10/30

0

50

100

150

max = 
82,200
07/04

S
u

b
ye

ar
lin

g
 C

h
in

o
o

k 
P

as
sa

g
e 

In
d

ex
 (

in
 t

h
o

u
sa

n
d

s)
 

A
verag

e D
aily R

iver F
lo

w
 (kcfs)

Little Goose Dam (LGS)

90%
08/13

10%
06/30

0
2
4

6
8

10
12
14
16
18
20

5/1 5/15 5/29 6/12 6/26 7/10 7/24 8/7 8/21 9/4 9/18 10/2 10/16 10/30

0

50

100

150

Lower Monumental Dam (LMN)

90%
08/1210%

06/05

0

1

2

3

4

5

5/1 5/15 5/29 6/12 6/26 7/10 7/24 8/7 8/21 9/4 9/18 10/2 10/16 10/30

0

50

100

150

Passage Index - Note: PI scale varies by species/rearing type
10% and 90% Passage Dates
Flow

max =
7,450
07/13



Fish Passage Center Annual Report

D-14

FIGURE D-13. Subyearling chinook smolt migration timin at Snake River sites with associated flow, 2001.
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FIGURE D-14. Subyearling chinook smolt migration timing at Columbia River sites with associated flow, 
2001.
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APPENDIX E

PIT Tagged Smolts Timing at John Day Dam
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FIGURE E-1. UMATILLA RIVER YEARLING CHINOOK AT JOHN DAY DAM.

FIGURE E-2.  JOHN DAY RIVER YEARLING CHINOOK AT JOHN DAY DAM.

Migration tim ing of PIT tagged Um atilla River basin yearling sp/fa chinook 
at John Day Dam, 1998 to 2001
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FIGURE E-3.  SNAKE RIVER BASIN YEARLING CHINOOK AT JOHN DAY DAM.

FIGURE E-4.  MID-COLUMBIA BASIN YEARLING CHINOOK AT JOHN DAY DAM. 

Migration timing of PIT tagged Snake River basin yearling sp/su chinook
 at John Day Dam, 1998 to 2001
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FIGURE E-5.  UMATILLA RIVER STEELHEAD AT JOHN DAY DAM.

FIGURE E-6.  JOHN DAY RIVER STEELHEAD AT JOHN DAY DAM.

Migration timing of PIT tagged Umatilla River basin steelhead
at John Day Dam, 1998 to 2001
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FIGURE E-7.  SNAKE RIVER BASIN STEELHEAD AT JOHN DAY DAM.

FIGURE E-8.  MID-COLUMBIA BASIN STEELHEAD AT JOHN DAY DAM.

Migration timing of PIT tagged Snake River basin steelhead 
at John Day Dam, 1998 to 2001
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APPENDIX F

Travel Time Tables 
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DISTANCES OVER WHICH TRAVEL TIME IS MEASURED:

Snake River Basin Hatcheries Distance to Lower Granite Dam

Drainage Hatchery/Release Site Kilometers Miles

S.F. Salmon River McCall H/Knox Bridge      457  284

Salmon River Rapid River H      283  176

Salmon River Imnaha A P      209  130

Grand Ronde River      238  148

Clearwater River Dworshak H      116    72

Snake River Basin Traps Distance to Lower Granite Dam

Drainage Trap Location Kilometers Miles

Salmon River km 103       233  145

Imnaha River km 7       142    88

Grande Ronde River   km 5       103    64

Snake River km 225         52    32

Mid-Columbia River Basin Distance to McNary Dam

Drainage Hatchery Kilometers Miles

Methow River Winthrop H       454  282

Wenatchee River Leavenworth H       330  205

Mainstem Columbia River Wells H       360  224

Mainstem Columbia River Priest Rapids H       169  105

Mainstem Columbia River Ringold H         97    60

Key Index Reaches Reach Distance

Reach Location Kilometers Miles

Lower Granite Dam to McNary Dam       225  140

Rock Island Dam to McNary Dam       260  161

McNary Dam to Bonneville Dam       236  147

Distance Source:  Kilometers of sites obtained from 1998 PIT Tag Specification Document, [edi-

tor] Carter Stein, Pacific States Marine Fisheries Commission, March 17, 1998.  Miles computed

using conversion 0.621 miles per kilometer.

Computation of average flow and average temperature:  Flow and temperature data are aver-

aged over the period of days equal to the estimated median travel time commencing on the date of
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release (or date of passage at upstream dam for the Snake River and lower Columbia River index

reaches).  The flows and temperatures are indexed at Lower Granite Dam for the release to Lower

Granite Dam travel time data.  They are indexed at Ice Harbor Dam for the Lower Granite Dam to

McNary Dam index reach and at The Dalles Dam for McNary Dam to Bonneville Dam index

reach.  For the release to McNary Dam travel time data of mid-Columbia River basin released

fish, the flows and temperatures are indexed at Priest Rapids Dam.



Fish Passage Center Annual Report

F-4

TABLE  F-1. 2001 travel time of PIT tagged wild chinook released from the Salmon River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/20    36.6 36.6 36.6 -    -    1    33.5 47.5
3/21    15.7 36.6 39.9 32.2 38.5 17   33.8 47.8
3/22    34.9 37.8 46.7 34.9 46.7 7    35   48
3/23    16.9 34.1 36.5 28.8 36.5 14   33.3 47.4
3/26    15.7 33.6 44.1 32.3 34.5 20   35.6 47.1
3/27    24.7 31.8 73   30.5 35.5 20   34.8 46.9
3/28    24.8 32.5 42.5 29.4 34.5 16   35.8 47.4
3/29    20.2 30.2 48.6 28.4 37   22   34.3 47
3/30    24.8 30.6 45.8 27.4 32.5 22   35.5 47.5
4/2     32.5 32.5 32.5 -    -    1    38.4 48.2
4/3     16.8 24.5 38.5 21.7 27.8 9    33.5 47.3
4/4     17.5 24   26.4 -    -    5    33.3 47.4
4/5     16.4 20.5 23.2 -    -    5    31.5 47.2
4/6     16.8 23.3 28.6 -    -    4    34.2 47.8
4/9     12.5 18.4 33.6 16.5 19   20   32.3 47.8
4/10    15   18.4 30   16.7 25.4 17   33.6 48.2
4/11    13.8 15.7 23.5 13.8 23.5 8    32.1 48.1
4/12    12.7 16.4 28.8 15.8 17.2 23   34.1 48.5
4/13    12.3 15.5 24   13.8 17.7 19   36   49
4/16    10   13.6 30.6 11.6 24   16   38.8 50.1
4/17    9.3  12.3 25.2 11.5 12.9 17   38.6 50.1
4/18    8.9  11.6 57   10.5 12.7 24   40.5 50.6
4/19    9.3  12.4 30.4 11   15.8 22   43.2 51
4/20    8.3  10.8 27.5 9.9  11.9 66   44.2 51.2
4/23    6.5  11.3 32.6 9.8  12.1 95   49.5 51.7
4/24    6.1  10.6 26   9.9  11   105  50.8 51.6
4/25    6.2  9.8  19.8 9.5  10.4 95   52.6 51.6
4/26    5.5  10.4 28.8 9.3  12.9 96   53.5 51.5
4/27    5.7  11.2 28.7 8.5  12.5 78   53.3 51.1
4/30    5.4  12.5 38.5 12   13.8 94   53.7 51.5
5/1     8    14   35   13.2 14.6 68   56.6 51.7
5/2     7    12.9 47   12.5 13.7 55   55.8 51.6
5/3     7.9  11.7 34.4 11.5 12.5 101  55.5 51.7
5/4     7.2  11.5 46.3 10.7 12.9 46   58.2 51.8
5/7     7.1  8.8  19.6 7.1  19.6 7    61.1 52.4
5/8     6.5  7.6  33.8 6.5  33.8 8    63.1 52.8
5/9     5.5  7.6  8.8  -    -    4    67.4 53.1
5/10    5.1  6.3  18.4 5.9  6.7  23   67.1 53.6
5/11    4.7  6.5  15.7 5.6  10.1 20   73.3 53.4
5/14    3.8  9.6  23.3 4.4  13.1 14   73.3 52.9
5/15    4.8  10.5 12.9 5.9  11.4 9    73.4 53.3
5/16    3.6  10.1 17.8 6.7  11.4 10   72.7 53.3
5/17    9.3  9.6  36   -    -    6    70.5 53.5
5/18    6.3  8.4  10   6.3  10   8    68.9 53.3

Confidence Limits Lower GraniteTravel Time
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(con’t)

TABLE  F-1. 2001 travel time of PIT tagged wild chinook released from the Salmon River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

5/21    6.4  6.8  22.7 -    -    5    66   55
5/22    4.7  5.2  16   -    -    5    66.5 54.7
5/23    9.5  13.4 17.3 -    -    2    58   57.5
5/24    5.1  7.4  8.1  -    -    4    65.1 57.9
5/25    4.4  8.2  16   -    -    4    61.8 57.7
5/29    6.5  10.1 38.1 -    -    5    48.8 58.6
5/30    5.8  14.3 33.3 5.8  33.3 7    45.1 58.2

Travel Time Confidence Limits Lower Granite
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TABLE  F-2. 2001 travel time of PIT tagged hatchery chinook released from the Salmon River trap to 
Lower Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/19    30.5 39.6 44.4 37.5 41.3 34   34.2 47.6
3/20    22.9 39.2 65.3 38.1 39.8 55   34.4 47.7
3/21    17.5 38.1 55.6 37.4 38.5 100  34.4 47.9
3/22    22.5 36.5 56.5 35.2 37.5 69   34.3 47.9
3/23    26.8 36.8 44.3 33.7 37.7 30   35   47.8
3/26    10.4 33.3 60.7 32.7 33.6 107  34.9 46.9
3/27    15.4 32.7 50.2 32   33.7 81   35.5 47.1
3/28    22.8 32.5 43.3 31.8 32.8 58   35.8 47.4
3/29    20.6 31.3 44.2 30.6 31.7 55   35   47.2
3/30    16   30.7 45.7 29.6 31.2 37   35.5 47.5
4/2     18.8 27.7 47.3 26.8 28   93   35.2 47.7
4/3     17.4 26.8 44.7 26.5 27.4 129  35.1 47.8
4/4     19.7 25.6 44.8 24.6 26   44   35   47.9
4/5     20.8 25.6 42.4 24.8 27.1 38   36.2 48.1
4/6     14.6 23.6 40.7 22.7 27.5 24   35   48.1
4/9     16.3 21   36.5 20.5 21.5 123  35.7 48.5
4/10    14.8 20   35.8 19.4 20.8 77   35.8 48.7
4/11    15.4 19.4 34.3 18.8 23.5 45   35.9 48.8
4/12    14.1 18.4 35.1 17.6 18.8 106  36.5 49.1
4/13    12.9 16.9 32.7 15.8 23   25   37   49.3
4/16    10.5 14.8 30.7 14   15.8 96   40.6 50.2
4/17    8.1  15.8 31.8 13.8 20.8 57   43.6 50.6
4/18    9.7  12.9 31.7 12.4 14.5 104  42.5 50.7
4/19    8.6  12.5 27.7 11.8 15.6 59   44.4 51
4/20    8    14.4 25.8 12.4 15.3 55   46.4 51.3
4/23    7.2  16.1 35.1 14.8 19.5 131  48.9 51.1
4/24    6.8  12   33.6 10.9 15.3 68   50.4 51.4
4/25    6.7  14   32.1 11.4 17.5 71   51   51.1
4/26    5.8  14.9 20.9 13.2 17.3 71   52.5 51.2
4/27    6.4  17.4 31.8 15.6 17.6 76   54.8 51.7
4/30    7    14.6 27   14.3 15.3 79   56.5 51.8
5/1     8.6  14.6 23.2 14.3 14.9 81   58.8 51.8
5/2     8.8  13.4 24.5 13.1 13.9 76   55.8 51.6
5/3     8.3  12.6 29.1 12.3 13.1 91   58.1 51.8
5/4     7.3  11.8 22.6 11.5 12.3 62   58.2 51.8
5/7     7    8.6  13.2 8.2  9.6  26   61.1 52.4
5/8     6.5  7.7  17.1 7.5  8.3  31   63.1 52.8
5/9     6.3  6.7  9.6  6.5  8.5  13   64.8 53.2
5/10    4.5  6.7  18.1 5.9  7.4  59   69.7 53.4
5/11    4    6.8  28.3 6.4  7.9  60   73.3 53.4
5/14    4.7  12.7 26.3 5    14.6 11   72.7 53.6
5/15    5.8  11.6 23.3 9.6  15.2 17   72.9 53.5

Confidence Limits Lower GraniteTravel Time
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TABLE  F-3. 2001 travel time of PIT tagged wild steelhead released from the Salmon River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/5     28.7 28.7 28.7 -    -    1    38.1 48.5
4/9     12.8 22.2 31.6 -    -    2    37.1 48.7
4/11    9.4  9.4  9.4  -    -    1    28.9 46.2
4/13    10.2 10.2 10.2 -    -    1    30.9 47.6
4/16    8.4  9.2  9.9  -    -    2    32.2 49.1
4/18    7.6  7.9  9.6  -    -    3    34.4 49.8
4/19    7.5  14.4 21.2 -    -    2    45.1 51.1
4/20    7.8  8.4  9.1  -    -    2    38.8 50.7
4/23    6.5  6.5  6.6  -    -    3    45.1 51.8
4/24    5.2  7.5  10.2 -    -    3    50.4 51.8
4/25    6.6  7.3  16   -    -    3    52.8 51.9
4/26    4.5  5.2  13.6 4.6  6.6  12   54.6 52.2
4/27    4    5.6  18.6 5.2  5.7  64   57.3 52.1
4/30    4.4  6.4  18.9 5.7  7.4  71   54.9 51.3
5/1     5    7.4  27.5 6.2  8.3  38   52.7 50.4
5/2     4.7  7    12.5 5.5  8.4  12   50.4 50.2
5/3     4.7  8.1  14.7 7    11.5 29   50.3 50.6
5/4     5.5  7.3  15.7 6.4  10.8 17   49.6 50.5
5/7     4.7  6.8  9.6  -    -    6    54.9 52
5/8     5.8  7.4  8.5  -    -    6    59.6 52.6
5/9     4.2  5.6  6.7  4.2  6.7  7    61.1 53.1
5/10    3.8  5.7  10.3 4.5  6.4  11   67.1 53.6
5/11    4    4.7  5.8  4.2  5.7  10   69.3 53.8
5/14    3.6  3.8  7.1  3.6  7.1  8    82.6 53.2
5/15    3.7  3.9  15.1 3.7  15.1 7    83.5 52.8
5/16    3.7  4.7  10.8 3.7  10.8 7    78   52.3
5/17    4.6  4.8  10.9 -    -    3    72.8 52
5/18    3.8  6.6  13.6 4.6  8.9  10   68.1 53
5/21    4.6  5.6  11.7 4.6  11.7 7    66   54.3
5/22    3.8  6.1  10.6 3.8  10.6 7    66.4 55.4
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Fish Passage Center Annual Report

F-8

TABLE  F-4.  2001 travel time of PIT tagged hatchery steelhead released from the Salmon River trap to 
Lower Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/9     15.9 17   27.7 -    -    3    31.6 47.6
4/10    11.9 13.9 37.7 -    -    3    30.5 47.3
4/11    8.1  16.8 29.7 9.7  18.7 17   33.6 48.3
4/12    8    13   33.7 8.9  18.6 24   31   47.9
4/13    7    16.4 34.5 13.6 18.6 50   36   49
4/16    5.5  10.8 52.1 9.7  12.5 110  34.2 49.4
4/17    4.6  9.7  33.8 8.7  10.8 75   35   49.6
4/18    4.8  9.6  37.8 8.4  9.9  107  37.6 50.1
4/19    4.8  9.5  30.6 8.7  9.9  125  39.9 50.6
4/20    5.8  8.7  36.5 8.1  10.9 75   40.8 50.9
4/23    4.8  7.8  43.2 6.4  11.8 25   47.6 51.8
4/24    4.6  6.8  23   5.7  7.8  36   49.3 51.9
4/25    3.7  5.4  24.6 4.8  6.6  20   49.1 52
4/26    3.5  5.7  44.1 5    7.5  71   55.3 52.1
4/27    3.7  5.8  29.7 5.2  6.8  219  57.3 52.1
4/30    4.2  10.8 40.6 9.6  14.4 83   52.9 51.1
5/1     4.4  10   26.2 8.9  13.6 91   52.7 50.8
5/2     3.8  12.8 69.2 12.6 13.6 86   55.8 51.6
5/3     5.8  11.8 49.5 11.5 12.6 91   55.5 51.7
5/4     5.8  11.5 97.1 10.6 11.8 62   58.2 51.8
5/7     3.9  7.8  31.1 7.5  8.6  75   57.7 52.2
5/8     5.2  7.8  32.6 7.6  8    116  63.1 52.8
5/9     4.5  6.8  19.7 6.7  7.6  71   64.8 53.2
5/10    4.2  6.3  98.8 5.9  7    117  67.1 53.6
5/11    4    6.8  27.4 5.9  7.8  71   73.3 53.4
5/14    3.5  5.8  14.1 5    6.8  60   79.5 52.9
5/15    2.7  5.9  48.6 4.9  7.7  63   78.3 52.6
5/16    3.7  6.8  57.9 5.3  7.8  38   73.8 52.2
5/17    3.9  6.8  47.4 5.7  8.9  58   70.4 52.5
5/18    3.6  8.6  89.4 7.9  8.7  74   68.7 53.6
5/21    5.5  6.6  87.9 5.8  7.2  29   66   55
5/22    3.7  6    82.9 5    10   32   66.4 55.4
5/23    3.6  5    85   3.9  7.9  31   67.5 56
5/24    3.8  5    35   3.8  14.1 10   67.7 57.3
5/25    7.6  14   27.8 7.6  27.8 7    54.3 58.2

Confidence Limits Lower GraniteTravel Time



F-9

TABLE  F-5. 2001 travel time of PIT tagged wild chinook released from the Snake River trap to Lower 
Granite Dam.

TABLE  F-6.  2001 travel time of PIT tagged hatchery chinook released from the Snake River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/27    2.6  4    6.4  2.8  4.3  12   57.1 52.4
4/30    3.5  4.4  9.6  -    -    3    57.7 52
5/1     3.8  8.9  11   -    -    4    52.4 50.6
5/3     13.5 13.5 13.5 -    -    1    60.1 51.8
5/17    2.7  3.2  3.8  -    -    2    78.5 52
5/23    20.7 20.7 20.7 -    -    1    52.1 57.7
6/4     9.8  19.5 29.2 -    -    2    36.6 58.3
6/15    57.1 57.1 57.1 -    -    1    27.4 65.3

Confidence Limits Lower GraniteTravel Time

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/27    2.6  6.9  30   5.7  7.4  179  56.4 52
4/28    5.4  11.8 39.5 5.4  39.5 8    53.5 51.2
4/29    2.2  6.8  24.8 6    12.6 23   55.4 51.5
4/30    3.9  11   16.5 8.7  14.5 24   52.9 51.1
5/1     3.9  10   24.7 8.1  11.7 31   52.7 50.8
5/2     7.2  9.4  14.5 -    -    4    51.2 50.7
5/3     5.6  11.5 12.9 -    -    5    55.5 51.7
5/4     5.2  10.4 18.1 5.2  18.1 8    53.2 51.5

Confidence Limits Lower GraniteTravel Time



Fish Passage Center Annual Report

F-10

TABLE  F-7. 2001 travel time of PIT tagged wild steelhead released from the Snake River trap to Lower 
Granite

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/19    2.8  4.9  9.7  3.8  7.5  9    33.2 49.8
4/27    2.5  2.6  2.8  -    -    3    54.3 52.5
4/28    5.5  15.8 26   -    -    2    55.3 51.8
4/29    2.4  3.6  14.2 3.5  4.3  58   59.4 52.4
4/30    2.4  3.2  5.4  2.6  5.3  10   59.6 52.2
5/1     2.4  3.7  103.2 3.6  3.9  319  56.8 51.2
5/2     3.1  4.2  7.8  3.6  4.7  31   52.3 50.6
5/3     3.5  4.8  6.1  4.5  5.7  12   49   49.9
5/4     3    4.6  10.6 3.7  5.2  26   47.9 49.8
5/7     2.5  4.4  20.5 4    4.8  46   50.2 50.8
5/8     2.7  4.5  8.9  3.6  5.5  36   54.2 52.2
5/9     2.6  3.8  12.3 3.5  4.7  43   55.2 52.8
5/10    3.7  5.6  10.1 -    -    4    67.1 53.6
5/11    3.4  3.9  4.7  3.4  4.7  7    64.9 53.8
5/15    2.3  2.6  4.8  2.5  2.7  25   85.5 53
5/16    2.3  2.8  9.6  2.6  3.7  15   84.2 52.5
5/17    2.4  3.5  9.7  2.8  4.5  38   75.3 52
5/18    2.8  4.6  6.8  -    -    6    68.5 52
5/21    2.5  4.4  6.6  3.3  5.6  10   63.8 53.6

Confidence Limits Lower GraniteTravel Time



F-11

TABLE  F-8. 2001 travel time of PIT tagged hatchery steelhead released from the Snake River trap to 
Lower Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/19    2.4  4.8  12.1 3.9  6.2  67   33.2 49.8
4/27    2.5  3.2  5    -    -    5    54.3 52.5
4/28    2.5  4.2  14.4 2.9  6.9  22   59.8 52.5
4/29    2.1  3.8  27.6 3.5  4.3  251  59.4 52.4
4/30    1.9  4.4  19.6 3.1  5    55   57.7 52
5/1     2    4.1  24   3.8  4.7  122  56.8 51.2
5/2     2.7  5.9  26.5 5.5  6.8  126  50.5 50.1
5/3     2.5  5.7  16.7 5.4  6.9  80   49.1 50.1
5/4     2.8  5.7  34.1 5.5  6.6  88   48.7 50.1
5/7     2.6  6.3  31.2 5.6  6.8  178  52.6 51.7
5/8     2.5  5.9  33.2 5.7  6.7  202  56.6 52.4
5/9     2.6  5.8  34.5 5.5  6.5  81   61.1 53.1
5/10    3.6  5.6  28.5 5.5  5.7  75   67.1 53.6
5/11    2.7  4.6  8.3  3.8  4.7  62   69.3 53.8
5/15    1.8  3.6  25.6 3    3.7  152  83.5 52.8
5/16    1.8  3.7  23.8 3.1  4.6  69   81   52.4
5/17    2.4  3.8  21.1 3.6  4.6  183  75.3 52
5/18    2.5  4.6  52   3.7  5.8  34   68.5 52
5/21    3.3  5.7  64.9 5.6  5.7  100  66   54.3
5/23    2.8  3.8  81   3.6  4.2  20   67.8 55.2
5/24    2.5  3.4  20.9 2.6  14.7 10   69.1 56
5/29    3.9  15.4 45.7 3.9  45.7 8    46.3 58.3
5/30    2.6  11.2 83.5 7.5  37.2 10   46.4 58.4
6/1     6.2  6.2  6.2  -    -    1    44.7 58.3
6/4     15.3 43.2 71.2 -    -    2    31.2 62
6/5     2.6  8.1  21.8 2.8  11.4 9    41.8 58.1
6/6     4.6  7.4  68   5.8  28.4 17   41.6 58
6/7     20.6 40.4 60.1 -    -    2    30.4 62.2
6/11    1.9  12.5 23.2 -    -    2    33.5 58.2
6/12    1.7  24.2 62.3 4.4  30.6 23   29.8 60.5
6/13    5.2  7.2  16.4 -    -    3    35.7 57.1
6/14    7.6  13.8 20   -    -    2    30.6 59.3
6/15    2.7  7.1  11.5 -    -    2    33   57.9
6/22    23.5 50.8 52   -    -    3    26.5 66.4
6/25    2.9  17.7 51.1 6.3  49.4 9    26.3 64.9
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Fish Passage Center Annual Report
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TABLE  F-9. 2001 travel time of PIT tagged wild chinook released from the Imnaha River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/7     38.5 52   69   50.9 53.3 15   32.2 47.5
3/10    32.8 39.2 47.2 -    -    3    31.4 46.6
3/11    42.4 42.5 42.6 -    -    2    31.8 46.8
3/12    32.6 45.8 64.5 -    -    6    32.6 47
3/13    41.4 43.8 46.1 -    -    2    32.5 47
3/14    20.8 40.4 46.1 24.5 44.1 9    32.4 46.8
3/15    30.8 43   45.4 36.4 44.2 20   33   47.3
3/16    21.7 40.4 74.1 39.4 41.5 160  32.6 47.2
3/17    24.3 38.5 46.5 36.3 39.8 73   32.6 47.2
3/18    20.8 36.3 49.5 33.2 38.4 67   32.7 47
3/19    19.5 35.8 63.3 34.2 38.7 68   33   47.2
3/20    9.8  32.7 67.8 31.7 33.8 331  33.2 47.1
3/21    10   34.4 60.3 33.9 35.4 572  33.1 47.5
3/22    14.4 34.1 54.9 33.4 34.6 549  33.1 47.6
3/23    12.8 33.9 53.5 33.3 34.3 500  33.3 47.4
3/24    9.6  31.7 74.4 30.7 32.8 323  33.2 47
3/25    12.7 30.6 50.8 28.4 32.2 136  33.4 46.7
3/27    9.1  30.5 49.6 30   31.1 387  34.1 46.7
3/28    11   30.3 48.9 29.5 30.7 445  33.7 46.8
3/29    11.5 29.2 53.8 27.9 30.3 129  33.5 46.9
3/30    10.7 26.1 42.8 23.9 28.1 67   32.5 46.6
3/31    11.9 24.4 33.8 23.1 26.2 41   31.9 46.5
4/1     11.6 26.2 50.9 25.1 27   173  32.6 47.1
4/2     16.1 25.4 51.1 24.1 26.2 75   32.7 47.1
4/3     12.2 24.3 65   23.3 24.8 136  32.5 47.2
4/4     14.6 24.4 42.8 23.6 24.9 83   33.3 47.4
4/5     13.8 24.1 49.1 23.1 25.9 100  34.2 47.8
4/8     11.9 18.6 34.8 17.8 21.1 48   32   47.6
4/9     12.3 19.3 38   18.6 20   63   33.6 48
4/10    9.6  17.8 27.3 16   18.7 48   33.6 48.2
4/11    12.3 16.3 32.3 15.1 18.3 31   32.1 48.1
4/12    8.3  15.8 39.1 14.6 17.1 96   34.1 48.5
4/13    10.3 15.3 33   14.9 16   77   34.5 48.8
4/14    9.5  14.1 36.8 13   15.1 63   34.9 49
4/15    9.3  13.9 40.6 13.1 14.5 78   36.9 49.5
4/16    10   12.6 49.5 12   13.3 47   37.6 49.9
4/17    7.4  11.7 34.1 11.3 12.1 81   38.6 50.1
4/18    7.6  10.9 28.5 10.4 11.1 167  39.4 50.3
4/19    6.5  10   28   9.7  10.4 133  39.9 50.6
4/20    7.6  10   26.8 9.5  11.6 116  42.1 51.2
4/21    6.1  10.1 53.4 9.5  11   199  45.2 51.5
4/22    5.9  9    36.3 8.1  10.1 121  46.1 51.8
4/23    5.8  9.2  30.1 7.7  12.2 85   48.8 51.8
4/24    4.7  9.5  28   7.2  14.4 41   50.9 51.7
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F-13

(con’t)

TABLE  F-9. 2001 travel time of PIT tagged wild chinook released from the Imnaha River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/25    4.4  7.6  30.5 5.8  9.4  46   53.1 51.9
4/26    4.5  8.3  28.8 7.9  8.9  133  54.8 51.9
4/27    4.5  11.1 24.2 10.1 11.6 154  53.3 51.1
4/29    6.8  14   18.7 11.7 16   24   54.1 51.6
4/30    8.5  13.9 15.5 -    -    6    54.9 51.7
5/1     7    12.5 28.5 11.1 13   49   54.9 51.5
5/2     7.2  12   23.6 11.3 13.2 26   53.9 51.5
5/3     8.4  11   21.9 10.3 11.3 43   53.4 51.5
5/4     7.5  10.7 32.6 10   12.2 33   55.5 51.7
5/5     5    7.5  32.5 6.6  13.3 10   51.6 51.2
5/6     5.3  8.1  30   7.9  9.1  25   53.9 51.7
5/7     5.6  7.8  24.5 7    11.1 22   57.7 52.2
5/8     5.1  7    19.3 6.1  7.8  10   59.6 52.6
5/9     4    5.6  23.9 5    7.3  19   61.1 53.1
5/10    4.1  5.3  16.1 5    7    21   63   53.5
5/11    3.9  4.9  14.2 4.2  6    29   69.3 53.8
5/12    3.6  4.9  18.5 4.2  5.4  25   74.8 53.7
5/14    7.4  8.1  12.8 7.4  12.8 7    75.5 52.7
5/15    5.2  11.2 17.7 7    16.8 10   73.4 53.3
5/16    6.2  13.4 23.6 6.2  23.6 8    71.2 54.4
5/18    6.1  8.1  25.9 6.1  25.9 8    68.9 53.3
5/22    3.7  12.8 22.8 -    -    4    59.2 57
5/24    4.2  8.6  41.8 6.4  13.5 22   62   57.5
5/25    4.1  7.2  18.9 6.4  11.4 24   63.5 58.4
5/29    6    10.8 13.6 -    -    5    48.6 58.6
5/30    8.3  9    14.8 8.3  14.8 8    47.3 58.5

Travel Time Confidence Limits River Zone
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F-14

TABLE  F-10. 2001 travel time of PIT tagged hatchery chinook released from the Imnaha River trap to 
Lower Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/23    17.3 31.8 36.3 -    -    6    33   47.2
3/24    9.7  26.2 45.1 24.5 33.5 48   33.1 46.3
3/25    6.1  29.4 49.7 27.3 32.3 131  33.4 46.4
3/27    16.6 31.4 44.6 29.8 32.3 65   34.1 46.7
3/28    12.8 30.5 49.6 29.4 31.7 115  34.5 47
3/29    12.7 28.8 35.4 21.5 31.7 17   33.5 46.9
3/30    20.1 27.1 32.5 23.2 29.7 14   32.8 46.8
4/1     11.2 26.4 55.5 25.5 27   316  32.6 47.1
4/2     12.2 26.1 43.2 25.1 26.6 127  33.6 47.3
4/3     16.2 25.3 41.7 24.8 25.7 219  33.5 47.3
4/4     22.8 22.8 22.8 -    -    1    32.3 47.2
4/7     13.9 22.3 34.9 13.9 34.9 7    34.2 48
4/8     10.7 20.8 37.6 20.1 21.8 100  34.4 48.1
4/9     11.4 19.7 35.2 18.9 20.3 69   34.8 48.2
4/11    17.7 17.7 17.7 -    -    1    34.9 48.6
4/12    16.7 16.7 16.7 -    -    1    35.5 48.8
4/15    9.9  14.9 33.5 13.6 16.2 32   38   49.8
4/16    9.1  13.4 29.4 11.5 15.6 16   37.6 49.9
4/17    7.8  11.4 27.5 7.8  16   10   36.9 49.8
4/18    8.3  12.8 30.7 12.3 13.7 106  42.5 50.7
4/19    5.1  12   37.1 11.5 12.5 114  43.2 51
4/21    9    13.2 22.1 -    -    5    47.3 51.5
4/22    5.3  13   30.4 11.3 19.4 51   48.3 51.6
4/23    5.3  12.3 32.2 9.2  16   77   49.6 51.5
4/24    5.3  11.8 24.9 10.1 18.2 55   50.4 51.4
4/25    3.5  8.8  23.1 6.7  13.4 28   52.8 51.8
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F-15

TABLE  F-11. 2001 travel of PIT tagged wild steelhead released from the Imnaha River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/20    18.2 42.7 68.7 18.2 68.7 8    36.8 48.2
3/21    8    42   58.2 29.7 53.6 14   36.8 48.3
3/22    27.2 39.7 64.1 34.3 48.1 9    36.3 48.2
3/23    28.3 35.3 42.6 -    -    5    33.7 47.5
3/24    29.4 41.8 59.5 29.4 59.5 8    38.1 48.1
3/25    16.1 40.8 43.7 -    -    5    38.4 48
3/27    28.5 37   53.2 31.1 49.2 10   38   47.6
3/28    6.4  35.4 51.9 32.9 48.8 19   37.3 47.6
3/29    10.9 32.7 49.5 10.9 49.5 7    36.6 47.6
3/30    21.3 32.8 47.6 30.7 35.5 9    37.2 47.8
3/31    48.1 48.2 48.2 -    -    2    45   49.2
4/1     17.1 23.5 40.3 -    -    5    31.7 46.8
4/2     10.4 22.1 34.5 -    -    3    31.6 46.6
4/3     16.7 27.4 47.8 -    -    6    35.1 47.8
4/4     27   27   27   -    -    1    36.2 48
4/5     13.7 23.9 25.9 -    -    3    34.2 47.8
4/11    13.9 13.9 13.9 -    -    1    30.5 47.7
4/12    8.1  14.6 21.8 9.8  18.2 13   32.6 48.3
4/13    10.2 18.6 35.5 10.2 35.5 8    39.7 49.5
4/14    11.9 15.6 25.9 12.2 22.6 11   37.5 49.5
4/15    5.5  21.8 59.8 15.4 30.6 24   42.6 50
4/16    4.4  13.3 29.9 4.4  29.9 8    37.6 49.9
4/17    4.8  6.8  14.3 4.8  13.5 10   32.8 49.1
4/18    4.8  8.4  33.5 7.6  10   72   34.4 49.8
4/19    4.9  8    28.7 7.5  9.5  71   35.8 50.2
4/20    5.1  8.3  118.3 7.7  8.9  98   38.8 50.7
4/21    4.9  8.6  28.9 7.7  9.8  64   42.9 51.5
4/22    4.8  7.1  29.8 6.8  8.5  45   42.3 51.5
4/23    4.1  6.7  23.6 6.1  8    36   45.1 51.8
4/24    4.5  5.7  15.4 5.1  6.6  27   46.6 51.9
4/25    3.4  4.8  11.9 4.7  4.9  54   49.1 52
4/26    2.9  4.9  24.4 4.8  5.2  151  54.6 52.2
4/27    3.8  5.6  12.4 4.9  7.4  40   57.3 52.1
4/29    16.9 16.9 16.9 -    -    1    58.6 52
4/30    4.6  8    20.6 6.8  10.8 25   52.9 50.8
5/1     4.4  11   26.6 9.7  12.2 173  53   51.1
5/2     4    11.8 68.4 10.2 12.8 124  53.9 51.5
5/3     5.2  10.9 44.4 9.1  11.7 95   53.4 51.5
5/4     3.8  8.3  76.8 7.5  9    95   50.2 50.9
5/5     4.7  7.7  33.1 6.5  11.5 25   51.6 51.2
5/6     3.8  8.2  20.8 7    8.5  118  53.9 51.7
5/7     3.6  6.6  25.5 5.6  7.5  67   54.9 52
5/8     4.3  6.5  50.8 6.2  6.6  87   59.6 52.6
5/9     4.4  5.6  19.9 5.6  5.7  127  61.1 53.1

Confidence Limits Lower GraniteTravel Time



Fish Passage Center Annual Report
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(con’t)

TABLE  F-12. 2001 travel of PIT tagged hatchery steelhead released from the Rock Island Dam to McNary 
Dam.

TABLE  F-11. 2001 travel of PIT tagged wild steelhead released from the Imnaha River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

5/10    3.7  5.4  17   5.1  5.5  220  63   53.5
5/11    3.2  4.7  27.2 4.6  4.8  193  69.3 53.8
5/12    3.1  4.4  14.9 4.2  4.6  157  72   54
5/13    3.8  4    4.6  -    -    6    78.6 53.6
5/14    3    4.4  32.4 4.2  4.7  114  82.6 53.2
5/15    2.7  4.3  30   4    4.7  129  83.5 52.8
5/22    3.7  4.7  35.4 4.6  5.8  19   66.5 54.7
5/24    3    6    50.9 3.8  8.9  21   66.6 57.6

Travel Time Confidence Limits Lower Granite

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/13    18.8 21.7 33.2 -    -    3    41.3 49.7
4/15    6.4  30.5 84.1 22.7 33.5 36   48.4 50.8
4/16    12.6 16.2 33.7 12.6 33.7 7    41.7 50.3
4/17    8.5  15.8 50   -    -    6    43.6 50.6
4/18    7.7  9.2  30.5 7.7  30.5 8    35.6 49.9
4/19    4.7  8.7  33.6 7.8  10.4 50   38   50.4
4/20    6.9  6.9  6.9  -    -    1    36.4 50.5
4/21    4.4  9    26.1 7.1  13.3 25   42.9 51.5
4/22    4    9.4  59.2 8.3  11.1 116  46.1 51.8
4/23    4    8.2  123.2 7.3  9    127  47.6 51.8
4/24    4.7  7.3  27   7    8.8  79   49.3 51.9
4/25    3.4  4.6  27   4.2  5.8  41   49.1 52
4/26    3.5  4.8  26.5 3.8  11.7 14   54.6 52.2
4/27    3.2  6.2  79.9 5.1  8.1  75   57.3 52.1
4/29    6.8  15.9 20.1 8.4  18.7 14   56.6 51.9
4/30    3.8  14.9 97.7 12   15.9 49   56.5 51.8
5/1     4.5  13.6 71   13.1 14.4 227  56.6 51.7
5/2     4.2  13.7 103.5 13   13.9 143  58.2 51.8
5/6     3.9  9.5  38.9 8.7  9.6  137  59.7 52.1
5/7     3.7  8.5  27.5 8.1  8.6  93   61.1 52.4
5/8     4.1  7.6  56.6 6.9  7.7  144  63.1 52.8
5/9     4.7  6.8  98.3 6.7  7    77   64.8 53.2
5/10    3.2  5.2  46.7 5.1  6.5  56   63   53.5
5/11    2.8  5.1  37.5 5    5.2  353  69.3 53.8
5/12    3.3  4.5  26   4.2  5    149  74.8 53.7
5/13    2.8  5    94.8 4.2  5.9  54   79.1 53.3
5/14    3    5.1  59   5    5.7  242  81.4 53
5/15    2.9  5.1  93.1 4.2  5.7  73   80.9 52.7
5/24    2.7  4.7  32.7 3.9  9    28   67.7 57.3
5/25    2.9  13.9 62.1 7.7  29.1 21   54.3 58.2

Confidence Limits Lower GraniteTravel Time
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TABLE  F-13. 2001 travel of PIT tagged wild chinook released from the Grand Ronde River trap to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/26    26.7 29.2 31.6 -    -    2    33.5 46.3
3/27    23   27.4 35.8 -    -    4    33.4 46.1
3/28    13.8 21.8 32.1 20.7 25.7 28   32.8 45.5
3/29    12.5 25   30.7 17.2 29.5 9    32.7 46.2
3/30    12.4 21.8 29.9 19.2 26.5 16   32.3 45.8
4/2     18.5 24.6 72.6 22.4 26.9 22   32.7 47.1
4/3     15.3 23.3 32.8 21.5 24.1 42   31.9 47
4/4     14.3 21.8 40.5 20.6 23.1 50   31.7 47.1
4/5     10.7 21   40.8 19.4 23.1 24   31.5 47.2
4/6     15.7 20.1 39.4 17.8 23.8 14   31.3 47.2
4/9     12.4 16.6 21.2 12.7 19.2 11   31.6 47.6
4/10    11.8 16.8 20.4 14.3 19.7 14   32.3 47.9
4/12    10.7 16.5 19.2 14.5 17.1 17   35.5 48.8
4/13    11.8 15.6 18.1 11.8 18.1 8    36   49
4/16    11.4 11.9 13.6 -    -    4    36   49.6
4/17    11.2 11.4 11.6 -    -    3    36.9 49.8
4/18    8.7  10.3 11.4 8.7  11.4 8    37.6 50.1
4/19    7.6  10.5 54.4 9    13.4 9    41.1 50.9
4/20    6.5  9.6  15.4 8.6  10.3 24   42.1 51.2
4/23    6.3  8.3  11.4 6.3  10.3 13   47.6 51.8
4/24    5.9  6.3  6.5  -    -    3    46.6 51.9
4/25    4.5  9.1  14.3 -    -    4    52.8 51.8
4/26    4.6  8.4  20.3 6.8  9.1  28   54.8 51.9
4/27    4.3  7.8  29.9 7.2  11.5 51   55.7 51.8
4/30    7.7  11.6 18.9 9.1  15.3 16   53.1 51.3
5/1     8.8  11.6 14.5 10.3 12.3 16   53.7 51.3
5/2     8.7  11.7 12.9 9.9  12.7 9    53.9 51.5
5/3     6.1  9.5  19.6 7.4  12.4 13   51.8 51.2
5/4     8.4  10.4 10.5 -    -    3    53.2 51.5
5/7     6.5  6.7  8.5  -    -    3    54.9 52
5/10    4.1  5.9  8.4  -    -    5    67.1 53.6
5/11    4.5  4.5  7.9  -    -    3    69.3 53.8
5/14    3.5  6.6  35.2 4.5  9.7  21   77.4 52.8
5/15    3.1  7.5  28.1 4.3  9.5  21   74.5 52.4
5/16    3.8  10   12   5.6  11.4 12   72.7 53.3
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TABLE  F-14. 2001 travel of PIT tagged hatchery chinook released from the Grande Ronde River to Lower 
Granite Dam.

TABLE  F-15. 2001 travel of PIT tagged wild steelhead released from the Grande Ronde River to Lower 
Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

3/30    26.5 26.5 26.5 -    -    1    32.8 46.8
4/2     16.3 28.6 56   28.4 29.3 163  36.3 47.8
4/3     12.2 28.4 48   27.4 29.5 161  36.3 47.9
4/9     17.5 25.3 37.8 21.9 31.1 47   39.2 49
4/10    10.4 24.4 40.4 21.6 28.2 58   39.5 49.1
4/12    8.5  20.5 34.6 18.7 24.5 68   39.9 49.4
4/13    8.8  17.9 31.4 16.9 22.5 15   38.6 49.4
4/16    10.3 13.8 25.9 11.6 25.2 13   38.8 50.1
4/17    5.6  15.5 17.6 -    -    5    43.6 50.6
4/18    8.5  12.1 26.4 -    -    4    40.5 50.6
4/19    7.5  11.7 26.5 10.4 15   18   43.2 51
4/20    5.5  11.3 25.4 7    24.4 11   44.2 51.2
4/23    3.7  9.5  23.6 8.5  11.3 107  49.5 51.7
4/24    4    9.5  26.3 8.2  10.8 110  50.9 51.7
4/25    4.2  9.5  30.8 8.5  11.6 87   52.6 51.6
4/26    5.4  13.5 22.3 9.1  16.5 42   52.3 51.1

Confidence Limits Lower GraniteTravel Time

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/10    5.8  5.8  5.8  -    -    1    28   45.3
4/20    7.6  7.6  7.7  -    -    2    38.8 50.7
4/23    3.6  4.6  8.6  4.3  5.7  16   41.2 51.2
4/24    3.4  5.6  20.5 4.3  12.2 9    46.6 51.9
4/25    3.4  4.1  20.5 -    -    5    48   51.6
4/26    2.5  3.4  7.4  3    4.2  15   51.2 51.8
4/27    2.4  3.8  18.5 3.7  4.6  43   57.1 52.4
4/30    2.4  4.6  17.6 4.4  5.3  83   56.4 51.7
5/1     2.7  1.4  37.3 2.7  37.3 30   63.8 51.8
5/7     3.6  5.1  8.1  4.3  5.7  23   51.1 51.3
5/8     2.4  6.1  8.8  3.5  7.2  17   56.6 52.4
5/9     5    5.8  6.6  5    6.6  8    61.1 53.1
5/10    3.3  4.4  11.4 4.4  4.7  24   59.5 53.4
5/11    2.7  4.2  6.6  3.5  4.6  16   64.9 53.8
5/14    2.3  3.6  10.6 3.4  3.7  42   82.6 53.2
5/15    2.3  3.6  10.2 2.9  3.7  54   83.5 52.8
5/16    2.5  3.7  23.1 3.5  4.5  29   81   52.4
5/17    3.5  4.6  20.9 3.8  6.5  14   72.8 52

Confidence Limits Lower GraniteTravel Time
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TABLE  F-16. 2001 travel time of PIT tagged hatchery steelhead released from the Grande Ronde River 
trap to Lower Granite Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/9     16.4 16.4 16.4 -    -    1    30.9 47.4
4/10    5.5  13.5 35.6 5.7  18.9 10   30.5 47.3
4/12    3.6  15.2 33.7 12.3 17.7 24   32.6 48.3
4/13    5.6  11   20.5 7.7  17.7 16   31   47.9
4/16    3.9  6.3  8.7  -    -    2    31.6 48.3
4/17    11.7 21.9 32.1 -    -    2    44.7 50.4
4/18    8.2  8.2  8.2  -    -    1    34.4 49.8
4/19    9.5  10.3 11.1 -    -    2    39.9 50.6
4/20    3.7  5.9  9.6  4.6  9.5  9    35.1 50.4
4/23    3.3  5.8  24.4 5.6  6.3  81   43.7 51.4
4/24    2.7  5.5  46.7 5.3  5.7  400  46.6 51.9
4/27    4.6  4.6  4.6  -    -    1    57.5 52.2
4/30    1.8  5.8  39.1 5.3  7.5  240  54.9 51.3
5/1     2.6  7.6  31.4 6.6  8.3  219  52.3 50.4
5/7     2.6  6.8  15.7 5.7  7.7  79   54.9 52
5/8     2.7  6.2  12.2 5.6  7.4  61   56.6 52.4
5/9     3.2  6.2  10.6 5.5  7.5  20   61.1 53.1
5/10    3.7  5.6  29.1 4.7  6.2  36   67.1 53.6
5/11    3.1  4.8  15.4 4.6  5.6  40   69.3 53.8
5/14    2.2  5.5  59.1 4.6  5.8  166  79.5 52.9
5/15    2.3  4.6  28.4 4.4  5.1  218  80.9 52.7
5/16    2.7  5.5  87   4.6  6.5  80   75.4 52.3
5/17    2.7  4.6  15.8 3.4  6.6  22   72.8 52
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TABLE  F-17. 2001 travel time of PIT tagged yearling chinook released from Rock Island Dam to McNary 
Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/5     45.1 49.9 52.1 47.8 51.8 14   66.5 45
4/23    14.6 31   47.6 26.8 31.9 50   63.1 NULL
4/24    16.7 26.7 37.7 18.3 33   17   59.9 NULL
4/25    14   30.1 65.7 28.1 31.8 31   63.3 NULL
4/26    15   29.6 78.9 27.9 30.9 73   63   NULL
4/27    18.3 29.8 80.5 27.8 35.2 38   62.4 NULL
4/28    14.3 25.8 47   19.9 33.1 12   62.1 NULL
4/29    16.3 25   34.9 -    -    6    61.9 NULL
4/30    17.7 27.5 33.2 17.7 33.2 8    61.6 NULL
5/1     14.8 23.5 24.7 -    -    6    62.4 NULL
5/2     14.6 30   56.1 26.8 38.7 31   64.6 NULL
5/3     16.9 21   38.8 19.7 27.8 10   60.5 NULL
5/4     19.2 20   25.8 -    -    5    60.1 NULL
5/6     16.2 22.3 38.5 17.1 37.1 14   59.5 NULL
5/7     13.8 17.8 24.3 16.6 22.6 12   60   NULL
5/8     15.3 17   30.7 16.2 19.1 17   59.7 NULL
5/9     11.3 19.9 51.8 17.7 24.8 20   59.5 NULL
5/10    13.9 18.9 38.6 16.8 21.6 25   59.7 NULL
5/11    11.5 16.3 54.5 14.2 22.1 21   59.5 NULL
5/12    11.7 19.5 32.1 15.9 21.7 21   64.6 NULL
5/13    11.1 17.8 43.8 13   37.7 12   63.8 NULL
5/14    11.8 16.6 32.8 11.9 24.5 10   65.2 NULL
5/15    10.2 15.8 34.4 11.2 18.1 10   66.6 NULL
5/16    9.7  14.9 47.7 13   24.8 14   67.5 NULL
5/18    8.5  13.1 31.2 8.5  31.2 7    70.2 NULL
5/19    8.9  18.3 44.8 -    -    5    76.8 NULL
5/20    8.2  12.5 23.3 -    -    4    75.6 NULL
5/21    9.9  14.6 19.3 -    -    2    80.3 NULL
5/23    10.5 15.7 42.5 12.4 34.8 11   85.2 NULL
5/24    12.2 24.8 50.2 15.4 33.5 15   86.2 NULL
5/25    10.3 18.4 62.7 12.7 26.6 22   86.7 NULL
5/26    10.5 18.6 60.5 12.8 29.1 17   86.6 NULL
5/27    11.7 21.8 36.3 11.7 36.3 8    87.3 NULL
5/28    33.9 33.9 33.9 -    -    1    92   NULL
5/29    7.7  11.9 36.8 10   20.6 17   91.5 NULL
5/30    16.5 16.5 16.5 -    -    1    93   NULL
5/31    7.6  13.6 20.1 -    -    6    93.4 NULL
6/1     6    12.3 33   6    33   8    93.6 NULL
6/2     7.9  16.5 32.7 7.9  32.7 7    92.6 NULL

Confidence Limits Priest RapidsTravel Time
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TABLE  F-18. 2001 travel time of PIT tagged subyearling chinook released from Rock Island Dam to 
McNary Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

6/30    9    26.8 36.2 -    -    4    62.6 NULL
7/1     23.1 32.6 42.7 -    -    3    59.7 NULL
7/2     23.8 25.2 26.7 -    -    2    60.5 NULL
7/3     20.2 32.8 44.9 20.2 44.9 8    57.4 NULL
7/4     14   21.9 45.8 15.1 36   12   57.2 NULL
7/5     17.3 28.8 42.2 -    -    4    56.4 NULL
7/6     11   27.8 40.2 -    -    5    56.5 NULL
7/7     18.7 31.5 42   19.7 33.8 9    58.8 NULL
7/8     16.7 31.1 45.5 -    -    2    59   NULL
7/9     13.7 27.1 54   23.7 30.7 35   55.9 NULL
7/10    10.9 24.2 59.7 18.5 27.4 90   56   NULL
7/11    8.8  24.9 36.3 16.8 30.6 17   54.9 NULL
7/12    9    25.4 50.4 24.1 27.9 51   55.6 NULL
7/13    13.4 25.4 52.1 21.9 34.9 22   58.1 NULL
7/14    11.9 26.4 46.4 23.6 32.2 20   59.6 NULL
7/15    15.5 23   35.2 21.6 29.8 9    57.8 NULL
7/16    21.6 33.2 57.7 -    -    4    64.8 NULL
7/17    10.5 26.1 51.6 22.8 30.3 40   61.7 NULL
7/18    11.4 23.7 44.7 19.8 38.9 19   61.2 NULL
7/20    15.6 20.6 26.8 -    -    6    60.7 NULL
7/21    15.1 20.9 42.9 17   37   11   61.3 NULL
7/22    14.1 22.4 39.8 16.6 27.8 15   62.5 NULL
7/23    13.6 20.7 44.6 18   25.6 17   63.4 NULL
7/24    14.4 28.2 50.6 21.1 36.7 13   66.5 NULL
7/25    16.2 21.8 38   16.2 38   7    66.7 NULL
7/26    14.7 23.4 32   -    -    2    67.7 NULL
7/27    17.6 19.7 42   17.6 42   7    67.5 NULL
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TABLE  F-19. 2001 travel time of PIT tagged steelhead released from Rock Island Dam to McNary Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/5     42.5 47.6 67.6 43.9 57.9 14   65.6 NULL
4/23    10.3 13.6 24.9 -    -    3    68.5 NULL
4/24    11.3 12.2 24   -    -    3    68.8 NULL
4/25    7.7  13   20   -    -    6    67.7 NULL
4/26    11.3 14.8 22.4 -    -    3    66   NULL
4/27    9.9  15.4 22   -    -    6    65   NULL
4/29    10.6 15.8 31.4 -    -    5    61.3 NULL
4/30    9.4  18.2 24.1 -    -    4    58.9 NULL
5/1     8.4  13.4 30.1 8.4  30.1 7    61   NULL
5/2     12.5 33   48.4 28.4 35.5 34   66   NULL
5/3     9.3  13.1 26.3 10.2 22.7 9    57.5 NULL
5/4     8    17.6 60.1 11.8 26.3 17   57.6 NULL
5/6     18.1 25   41.5 -    -    6    63   NULL
5/7     13.2 19.8 33.3 -    -    4    59.5 NULL
5/8     11.6 17.9 31.8 11.6 31.8 8    59.7 NULL
5/9     13.3 17.2 30.6 14.6 21.4 15   59.6 NULL
5/10    10.4 15.4 29.4 13.8 22.9 20   59.9 NULL
5/11    13.5 19.6 20.9 13.5 20.9 7    63.3 NULL
5/12    11.2 19.4 39.7 14.6 29.7 21   63.2 NULL
5/13    12.4 17.7 31.9 13.8 20.8 12   63.8 NULL
5/14    11   14.6 37.5 11.5 32.4 9    61.4 NULL
5/15    9.6  21.5 31.5 15   24.4 19   72   NULL
5/16    9.5  16.7 40.4 15.5 28.1 17   69.4 NULL
5/18    8.7  13   28.7 8.7  19.6 10   70.2 NULL
5/19    6.8  23.2 28.7 17.6 28.1 10   81.8 NULL
5/20    11.6 18.7 22.9 11.8 20.3 11   82.9 NULL
5/21    8.5  17.4 37.7 10.8 34.3 10   82.6 NULL
5/23    8.1  15.6 26.7 10.5 19.5 22   85.2 NULL
5/24    6.8  14.6 51   13.9 22.2 21   85.7 NULL
5/25    11.3 17.4 60.5 14   19.2 24   85.5 NULL
5/26    10.5 17   31.5 12.4 26.3 12   86.9 NULL
5/27    12.4 23   29.7 12.4 29.7 8    88.6 NULL
5/29    10   10   14.1 -    -    3    94.3 NULL
5/30    8.8  19   97.1 8.8  97.1 8    91.6 NULL
5/31    7.4  15.4 25.4 8.6  19.4 10   94.2 NULL
6/1     10.4 16.9 24.9 10.4 24.9 8    91.1 NULL
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TABLE  F-20. 2001 travel time of PIT tagged sockeye released from Rock Island Dam to McNary Dam.

Release Date  Min Med Max  Lower  Upper Number Flow Temp

4/24    21.4 25.8 30.3 -    -    2    59.8 NULL
4/26    17.3 24.9 43.8 -    -    3    59   NULL
4/28    11.9 11.9 11.9 -    -    1    65.9 NULL
5/1     16.9 17.2 17.6 -    -    2    58.4 NULL
5/2     18.3 28   40.1 24.6 29.2 19   62.6 NULL
5/4     26.4 26.4 26.4 -    -    1    62.1 NULL
5/11    12.4 13   13.6 -    -    2    58.5 NULL
5/13    12.2 12.2 12.2 -    -    1    60.4 NULL
5/19    6.4  6.4  6.4  -    -    1    72.5 NULL
5/20    6.1  7.2  8.4  -    -    2    71.3 NULL
5/21    10.3 10.6 11   -    -    2    78.3 NULL
5/23    7.1  7.5  9.3  7.1  8.5  9    75.5 NULL
5/24    6.2  7.5  20.9 6.8  8.5  28   77.1 NULL
5/25    5.9  6.3  7.5  -    -    5    73   NULL
5/26    5.2  6.8  18.7 5.6  8.3  19   74.7 NULL
5/27    5.4  6.2  11.7 -    -    4    76.9 NULL
5/28    6.9  8.6  10.3 -    -    2    84.2 NULL
5/30    6.7  6.7  6.7  -    -    1    89.5 NULL
6/1     6.6  9.5  9.6  -    -    3    93.4 NULL
6/5     15.6 15.6 15.6 -    -    1    97.2 NULL

Confidence Limits Priest RapidsTravel Time
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TABLE  F-21. 2001 travel time of PIT tagged yearling chinook released in the Snake River basin between 
Lower Granite Dam and McNary Dam.

Ice Harbor Dam

Passage Date  Min Med Max  Lower  Upper Number Flow Temp

04/03   13   24.9 31.2 21.7 28.7 16   112  47.9
04/04   16.5 27.2 39.5 -    -    6    114.5 48.4
04/05   16   27.6 43.1 21.8 38.6 15   116.6 48.8
04/06   16.1 27.1 41.1 24.9 31   19   116.7 48.9
04/07   22.7 32   46.5 26.7 36.8 24   118.4 49.6
04/08   21.6 29.7 46.9 25.4 36.2 21   118.6 49.7
04/09   22   35.8 52.9 32.3 45.3 16   118.4 50.7
04/10   20.5 27.8 51.7 25   32.5 58   119.4 50
04/11   17.8 28.6 68.4 26   33.5 104  118.5 50.1
04/12   15.9 28.6 50.7 25.6 31.9 86   118.3 50.5
04/13   14   27.6 49.2 23.1 33   48   118.1 50.5
04/14   16.1 22.4 44.6 20.6 27.2 64   118.4 50.3
04/15   14.7 23.1 41.5 20.2 25.7 67   120  50.6
04/16   8.7  21.1 48.9 19.6 23.8 88   121.8 50.8
04/17   11.8 20.4 65.8 18.5 23.3 97   122.1 51
04/18   11.3 21.7 50.6 19.9 22.6 235  121.1 51
04/19   11.3 23.4 55.3 21.3 25.3 361  120.3 51.5
04/20   10.5 20.5 55.7 19.5 21.7 327  121  51.4
04/21   10.2 19.9 55.5 19   21.1 537  121.3 51.7
04/22   10.4 20.2 85.9 19.2 21.5 552  122.3 52.1
04/23   8.8  21.2 59   20.4 22.1 513  122.6 52.6
04/24   8.8  20.3 49.2 19.6 21.1 675  123.7 52.8
04/25   8.7  20.6 58.6 20.1 21.2 848  125.3 53.3
04/26   8.1  20.2 106.4 19.8 20.6 1581 125.6 53.5
04/27   8.1  20.1 107.7 19.7 20.4 1445 128  53.7
04/28   8.3  20.1 78.2 19.9 20.3 2946 129.7 54.1
04/29   8.4  19.6 101.7 19.5 19.8 3069 130.9 54.4
04/30   4.9  19.8 71.5 19.5 20.1 2686 130  54.7
05/01   5    21.2 100.2 20.7 21.6 1839 130.1 55.1
05/02   11.4 20.8 87.9 20.4 21.2 1132 130.5 55.6
05/03   11.4 20.4 88.7 19.9 20.7 575  129.2 55.7
05/04   9.5  19.6 74.4 19.2 19.9 754  129.9 55.9
05/05   10.7 19.1 93.4 18.8 19.5 956  129.6 56.1
05/06   10.7 18.5 72.6 18   19.2 342  130.5 56.8
05/07   9.5  17   49.7 15.9 19.3 119  129.5 56.4
05/08   9.6  16.4 67.9 15.7 17.3 217  129.4 56.5
05/09   8.6  16.7 90.6 16.1 17.5 679  131.2 58.3
05/10   7.7  16.4 78.9 15.7 17.1 461  132.1 58.3
05/11   9    15.3 52.4 14.7 15.9 384  134.1 58.3
05/12   6.3  14.7 87.8 14.3 15.2 731  134  58.9
05/13   8    14.1 107.7 13.4 14.6 399  135.2 59.2
05/14   5.8  15.4 113.8 14.8 15.8 1305 136.8 60.3
05/15   4.8  15.1 88.4 14.6 15.4 1522 139.3 60.9
05/16   4    15.2 81.4 14.8 15.4 1102 141.5 61.6
05/17   2.7  7    70.6 6.6  7.5  983  143.1 58.5

Travel Time Confidence Limits
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(con’t)

TABLE  F-21. 2001 travel time of PIT tagged yearling chinook released in the Snake River basin between 
Lower Granite Dam and McNary Dam.

Ice Harbor Dam

Passage Date  Min Med Max  Lower  Upper Number Flow Temp

05/18   2.7  11.9 81.4 9.4  13.1 232  137.7 62.3

05/19   8.5  16.4 90.3 14.6 17.8 136  136.1 62.6

05/20   9.4  17.3 90   14.5 19.2 58   138.5 62.9

05/21   9.9  17.1 64.5 15.1 22.7 33   139.1 63.1

05/22   6.1  15.6 75.7 12.4 22.6 39   139.7 63.5

05/23   8.5  16.4 47.7 13.6 20.5 24   140.6 63.4

05/24   8.4  15.1 69   12.9 20.3 36   139.7 63.5

05/25   9.3  16.1 84.4 13.3 23.9 43   136.8 63.6

05/26   8.9  15.3 62.4 13.2 20.7 81   136.3 63.5

05/27   6.5  19.5 71.7 16.2 20.5 60   136  63.3

05/28   8.5  18.8 89.6 11.4 22.9 23   137  63.2

05/29   13   29.9 61.4 18.2 48.2 17   132.4 63.2

05/30   10.3 33.2 57.5 10.3 57.5 8    129.7 63.2

05/31   14.7 21.5 62.5 16   41.2 10   134.1 62.9

06/01   14.4 40.1 99.1 22.1 44.8 19   120.2 63.4

Travel Time Confidence Limits
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TABLE  F-22. 2001 travel time of PIT tagged steelhead released in the Snake River basin between Lower 
Granite Dam and McNary Dam (grouped by observation date at Lower Granite Dam).

Lower Granite Ice Harbor Dam

Passage Date  Min Med Max  Lower  Upper Number Flow Temp

04/20   11.4 32   54.7 14.2 41.6 9    124.2 53.2
04/21   15.4 27.4 32.9 -    -    6    124.3 52.9
04/22   16.1 25.5 39.4 20.9 31.1 16   125.4 53.1
04/23   16.4 27.6 36.4 -    -    6    126.3 53.9
04/24   9.7  23   49.9 14   27.2 23   126.5 53.3
04/25   11.9 21.8 43.7 14.9 27.8 19   127.2 53.4
04/26   9    21.7 46.8 21.1 25.6 33   129.1 53.9
04/27   9.8  21.3 138.2 19.8 22.2 59   129.5 54
04/28   8.1  21   54.1 19.9 24.8 73   129.2 54.2
04/29   8    19.6 52.7 18.7 21.4 144  130.9 54.4
04/30   9.8  19.3 52.3 18.1 21.6 157  130.6 54.5
05/01   10.6 18.2 50.8 17.8 20.1 152  130.3 54.6
05/02   8.1  19.6 41.9 18.1 20.4 144  129.3 55.2
05/03   12.7 19   44.2 17.2 21.1 83   127.9 55.4
05/04   10.9 18.5 52   17.2 19.6 116  128.7 55.9
05/05   10.6 16.9 77.8 16   17.7 117  126.7 55.7
05/06   10.6 17.2 58.6 14.9 20.3 56   128.3 56.2
05/07   9.1  13.9 37   12.4 15.3 53   125.3 55.9
05/08   8    15   45.8 12.8 18   42   127.9 56.5
05/09   8.2  13.9 35.8 11.3 16.1 60   128.5 57.1
05/10   9.1  15.1 39.8 13.5 17.5 53   131.9 57.7
05/11   6.1  13.4 47.8 12.1 15.3 63   133.2 57.1
05/12   9.2  12.7 48.1 10.4 19.2 34   135.2 57.9
05/13   7.3  14.7 90.8 11.1 18   46   133.6 59.6
05/14   6.1  14.2 44.1 11.2 16.1 128  135.8 59.9
05/15   5.2  15.4 115.5 14   16.1 137  139.3 60.9
05/16   4    15.2 88.9 14.5 15.8 134  141.5 61.6
05/17   3.8  14.5 52.7 13.2 18.6 64   142.6 62.2
05/18   5.5  14   48   13.3 16.2 90   140.8 62.7
05/19   7.9  20.4 37.8 13.6 23.7 41   137.8 62.5
05/20   10.6 21.6 44.3 16.2 27   28   137.4 62.8
05/21   9.1  22.5 50.6 18   34.8 22   139.2 63.2
05/22   8.5  24.8 38.9 12.6 34.6 9    138  63.4
05/23   11.7 21.6 34   11.7 34   8    138.6 63.5

Travel Time Confidence Limits
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TABLE  F-23. 2001 travel time of PIT tagged yearling chinook released in any basin above McNary Dam 
between McNary Dam and Bonneville Dam (grouped by observation date at McNary Dam).

Passage Date  Min Med Max  Lower  Upper Number Flow Temp
04/23   9.7  24.2 62.8 14.4 31.4 24   125.5 53
04/24   9    21.4 41.9 13.7 35.2 18   123.9 53
04/25   8.9  15.6 47.5 12.8 21.2 21   126.6 52.5
04/26   7.2  22   57.9 13.3 30   13   129.1 53.7
04/27   8.5  15.8 33.2 9    23   14   125.5 53.1
04/28   9.5  20.5 60.5 15.7 27.9 23   129.2 54.1
04/29   6.8  30.2 38   17.6 32.8 36   132.4 57
04/30   7.3  19.4 33.8 15.2 31.5 14   130.6 54.3
05/01   5.5  17.2 46.3 15.2 27.7 46   131  54.2
05/02   7.8  15.8 42.3 14   27   48   130.1 54.4
05/03   7.2  15.3 52.6 13.8 16.8 91   128.4 54.4
05/04   8.3  14.3 49   13   16.8 157  127.6 54.5
05/05   6.9  13.1 49   12.5 13.4 177  126.9 54.6
05/06   7    12.2 36.8 11.8 12.8 153  126.9 54.7
05/07   7.2  11.5 52.6 11.1 12   208  125.7 55
05/08   6.8  11.4 49.5 10.6 12.4 264  125.3 55.1
05/09   5.6  9.7  57.2 9.5  10.3 229  126  55.5
05/10   6.1  10.4 39.8 9.5  11.1 294  126  56.1
05/11   5.9  9.4  38.8 8.6  10.1 316  128.5 56.4
05/12   5.4  9.2  43.3 8.8  9.5  291  129.7 56.8
05/13   5    9.5  39.4 8.8  10.4 261  134.3 57.8
05/14   4.4  10.1 94.3 9.4  11.1 434  139.2 58.5
05/15   4.7  11.1 87.1 10.1 12   685  141.2 59.8
05/16   4.4  11.9 50.9 11   12.5 860  137.8 60.8
05/17   4.4  12.6 96.5 12.1 13.3 555  139.9 61.8
05/18   5.1  12.5 42.7 12   13   697  139.5 62.4
05/19   4.4  10.4 49.4 10   10.6 753  133.8 62.4
05/20   4.3  10.4 37.2 10   10.9 537  137.3 63
05/21   4.7  9.6  38.7 9.2  10.3 617  141.6 63.6
05/22   4.8  9.1  42.6 8.5  9.6  707  142.9 64.1
05/23   4.3  8.7  103.2 8.2  9.3  989  144.7 64.6
05/24   4.2  7.9  94.5 7.6  8.3  1398 143.4 64.8
05/25   4.3  7.4  50.1 7.2  7.5  1240 142  65
05/26   4    6.6  51.3 6.4  6.7  1129 138.5 64
05/27   4    6.5  41.5 6.4  6.7  1077 134.4 63.1
05/28   3.9  6.3  43   6.1  6.5  434  137  62.9
05/29   3.8  6.1  31.5 6    6.2  685  141.8 62.1
05/30   3.7  5.9  47.7 5.8  6.1  504  141.3 61.6
05/31   3.7  5.6  38.8 5.5  5.7  957  140.4 61.3
06/01   3.8  5.9  67.3 5.8  6.1  618  135.1 60.9
06/02   3.8  6.4  39.2 6.2  6.7  390  134.8 60.6
06/03   3.5  6.4  34.6 6    6.7  176  137.5 61.6
06/04   4    7.6  90   7.2  8    152  141.2 62.3
06/05   3.9  6.7  37.8 6.5  7    132  141  62.6
06/06   3.6  6.5  33.2 6.2  6.8  162  139.2 63.1
06/07   4.3  6.4  28.3 5.9  6.6  140  137.8 63.1
06/08   4    6.4  28.3 5.6  6.9  103  136.1 63.6
06/09   3.8  6.6  30.4 6    7.1  79   132  63.4
06/10   4.3  6.6  27.9 6.1  7    58   126.2 63.1

The Dalles DamTravel Time Confidence Limits
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TABLE  F-24. 2001 travel time of PIT tagged steelhead released in any basin above McNary Dam between 
McNary Dam and Bonneville Dam (grouped by observation date at McNary Dam).

Passage Date  Min Med Max  Lower  Upper Number Flow Temp
05/05   9.7  16.6 19   9.7  19   7    126.7 55.6
05/06   8.2  11.8 28.7 8.2  28.7 8    126.9 54.7
05/07   8.5  15.6 36.3 -    -    5    128  56.1
05/08   10   19.8 40.6 -    -    6    128.9 58.3
05/09   12   17.7 23.4 -    -    2    130.5 58.4
05/10   8.3  21.5 31.1 -    -    5    134.9 60.1
05/11   9.2  13.4 25.2 -    -    3    133.2 57.8
05/12   6.5  11.5 22   6.5  22   7    134.5 58
05/13   5.8  10.3 31.6 -    -    6    134.3 57.8
05/14   6.1  17.7 23.9 7.6  23   9    140.4 61.2
05/15   7.7  8.4  25   8    12.9 15   140  58.2
05/16   6.1  11.7 42.7 7.6  19.3 27   137.8 60.8
05/17   6.9  9.2  26.4 8.2  15.7 24   142.5 60.6
05/18   5.9  11.8 29.7 9.9  15.7 37   137.7 62.2
05/19   6.1  10.9 47.7 7.6  12.5 29   135.7 62.6
05/20   5.9  9.9  36.9 7.7  16.1 16   137.3 63
05/21   5.6  11.7 62.2 10   13.9 43   141.1 63.2
05/22   6.6  12.3 37.5 10.5 13.4 53   139  63.2
05/23   5.5  11.4 34.5 6.7  13.1 26   138.8 63.4
05/24   5.7  11.5 46.1 6.9  14.7 24   138.6 63
05/25   4.9  7.8  46.3 6.7  10.3 24   139.3 64.1
05/26   5    9.3  23.9 7.2  12.3 20   135.3 63
05/27   4.9  7.7  32.9 6.8  11.7 20   135.4 62.7
05/28   5.3  7.6  15.8 6.2  13.9 10   139  62.3
05/29   7.4  7.6  15.4 -    -    3    143.4 62.1
05/30   5.9  12.4 39   7.8  14.9 13   138.9 62.1
05/31   5    8.2  23.3 6.9  12.2 27   140.6 61.6
06/01   5.7  8.6  27.7 5.9  15.4 17   134.9 61.7

The Dalles DamTravel Time Confidence Limits
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Description of Reach Survival Tables: 
Table G-1 presents 2000 survival estimates for yearling chinook and steelhead released

from traps on the lower Salmon (103 km above mouth at Twin Bridges), lower Imnaha (6.8 km

above mouth), lower Grande Ronde (5 km above mouth), and mainstem Snake (225 km above

mouth at Lewiston) rivers through a series of three reservoirs and dams to the tailrace of Lower

Monumental Dam.  The Seber (1965) and Jolly (1965) methodology and computer program

RELEASE (Burnham et al. 1987) were used to obtain point estimates of survival for the series of

reaches, along with corresponding standard errors of the estimates and the correlation between

estimates from adjacent reaches.  The three reaches were: trap location to Lower Granite Dam

tailrace (denoted lgr); Lower Granite Dam tailrace to Little Goose Dam tailrace (denoted lgs);

and Little Goose Dam tailrace to Lower Monumental Dam tailrace (denoted lmn).  The product of

these three reach estimates produced the entire 3-dam reach survival estimate from the trap’s

location to Lower Monumental Dam tailrace (denoted surv_reach).  The associated standard

errors (denoted se_lgr, se_lgs, and se_lmn for the respective reach estimates) and covariances

derived from the correlation estimates (denoted corr_lgrlgs and corr_lgslmn) went into comput-

ing the variance for the overall reach estimate (denoted var_reach) using Meyer’s (1975) formu-

las for propagation of error (i.e., variance of the product of three random variables whose error

may be correlated).  Normally distributed 95% confidence intervals were computed for the overall

reach survival point estimates, and are denoted ul_reach for the upper limit and ll_reach for the

lower limit.  Plots of the reach survival estimates with associated 95% confidence intervals are

presented in Figures H – 1 through H – 4 for releases from the Salmon, Snake, Imnaha, and

Grande Ronde rivers, respectively.

Table G-2 presents 2000 survival estimates for yearling chinook and steelhead from

selected hatcheries in the Snake River basin through a series of reservoirs and dams.  The first

table provides survival estimates and confidence intervals through the 3-dam reach as described

in the preceding paragraph.  The second table extends the entire reach estimate further down-

stream to encompass the Lower Monumental Dam tailrace to McNary Dam tailrace reach

(denoted mcn), and McNary Dam tailrace to John Day Dam tailrace reach (denoted jda).  The

product of the five reach estimates produced the entire 5-reach survival estimate from trap’s

release location to the tailrace of John Day Dam (again denoted surv_reach).  Along with the

additional standard errors (se_mcn, and se_jda) and correlations (corr_lmnmcn, and

corr_mcnjda), the variance for the entire 5-reach survival estimate was computed using Meyer’s

(1975) formulas.

Table G-3 presents 2000 survival estimates for yearling and subyearling chinook, steel-

head, and sockeye from several release sites in the Mid-Columbia River basin through one reach

consisting of multiple reservoirs and dams.  Winthrop Hatchery yearling chinook passed 6 dams,

Wells Hatchery subyearling chinook passed 5 dams, Leavenworth Hatchery yearling chinook

passed 4 dams, Rock Island Dam releases passed 3 dams, and Priest Rapids Hatchery and Ringold

Hatchery passed one dam.  The tables present survival estimates (denoted mcn) and confidence

intervals from release site to tailrace of McNary Dam.  

Sources:
Burnham, K.P., D.R. Anderson, G.C. White, C. Bronwnie, and K.H. Pollock, 1987, Design and
analysis methods for fish survival experiments based on release-recapture, American Fisheries

Society Monograph 5, 437 pp.

Jolly, G.M., 1965, Explicit estimates from capture-recapture data with both death and immigra-
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tion – stochastic model, Biometrika, 52: 225-247.

Meyer, S.L., 1975, Data analysis for scientists and engineers, John Wiley and sons, N.Y., 513 pp.

Seber, G.A.F., 1965, A note on the multiple-recapture census, Biometrika, 52: 249-259.

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Snake River trap 

species/reartype 
Hatchery 
Chinook 

Hatchery 
Steelhead 

Wild 
Steelhead 

dates 4/27– 5/4 4/27– 5/4 5/7– 5/11 5/15 – 5/21 4/27– 5/4 5/7– 5/21 
lgr 0.95769 0.93860 0.88484 0.86584 0.97947 0.92214 
se_lgr 0.01518 0.01134 0.01492 0.01717 0.01186 0.02055 
lgs 0.92245 0.71942 0.67008 0.74415 0.84174 0.78293 
se_lgs 0.02711 0.02497 0.03959 0.05995 0.03097 0.03970 
lmn 0.84359 0.72570 0.81556 0.65533 0.61654 0.54938 
se_lmn 0.04717 0.06487 0.17643 0.16919 0.04455 0.07031 
corr_lgrlgs -0.28863 -0.17137 -0.10634 -0.10537 -0.24413 -0.17455 
corr_lgslmn -0.30350 -0.21571 -0.20660 -0.28043 -0.33585 -0.20424 
N 372 875 724 680 540 280 
ul_reach 0.82492 0.57517 0.68479 0.62753 0.57675 0.49619 
ll_reach 0.66557 0.40488 0.28233 0.21694 0.43987 0.29708 
surv_reach 0.74525 0.49003 0.48356 0.42223 0.50831 0.39663 
se_reach 0.04065 0.04344 0.10267 0.10474 0.03492 0.05079 

Site Salmon River Trap 
species/reartype Hatchery Yearling Chinook 
dates 3/19 –3/23 3/26 –3/30 4/2 – 4/6 4/9 –4/13 4/16 –4/20 4/23 –4/27 
lgr 0.65515 0.77752 0.76863 0.87799 0.84916 0.89436 
se_lgr 0.02115 0.01934 0.01970 0.01619 0.01704 0.01489 
lgs 0.96489 0.93354 0.95225 0.94285 0.92618 0.93901 
se_lgs 0.02388 0.02410 0.02558 0.02171 0.02021 0.02142 
lmn 0.87775 0.77774 0.90058 0.77748 0.87751 0.80270 
se_lmn 0.04093 0.03128 0.04982 0.02832 0.03628 0.03914 
corr_lgrlgs -0.10692 -0.17720 -0.14808 -0.21176 -0.18335 -0.19411 
corr_lgslmn -0.37184 -0.38150 -0.33799 -0.37977 -0.24857 -0.29018 
N 549 565 541 555 550 580 
ul_reach 0.61242 0.61253 0.73259 0.69047 0.75032 0.73860 
ll_reach 0.49732 0.51650 0.58574 0.59673 0.62997 0.60964 
surv_reach 0.55487 0.56452 0.65916 0.64360 0.69014 0.67412 
se_reach 0.02936 0.02450 0.03746 0.02391 0.03070 0.03290 
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(Continued)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Salmon River Trap 
species/reartype Hatchery Chinook Wild Yearling Chinook 

dates 4/30 – 5/4 5/7 – 5/17 
3/19 –
3/30 4/9 – 4/20 4/23 –4/27 4/30 –5/4 

lgr 0.87290 0.89908 0.81073 0.89473 0.90355 0.87124 
se_lgr 0.01661 0.02344 0.02984 0.01972 0.01370 0.01682 
lgs 0.92479 0.88449 0.89640 0.91408 0.88413 0.92094 
se_lgs 0.02458 0.03759 0.03601 0.02796 0.01967 0.02330 
lmn 0.76493 0.78880 0.82049 0.66658 0.76323 0.72533 
se_lmn 0.04403 0.06841 0.05917 0.04121 0.03392 0.04182 
corr_lgrlgs -0.21466 -0.33047 -0.14863 -0.13487 -0.14552 -0.16575 
corr_lgslmn -0.28700 -0.28545 -0.23860 -0.25814 -0.20373 -0.25220 
N 571 354 205 297 589 505 
ul_reach 0.68688 0.73139 0.68940 0.61345 0.66575 0.64888 
ll_reach 0.54811 0.52316 0.50317 0.47687 0.55367 0.51508 
surv_reach 0.61749 0.62728 0.59629 0.54516 0.60971 0.58198 
se_reach  0.03540 0.05312 0.04751 0.03484 0.02859 0.03413 

Site Salmon River Trap 
species/reartype Hatchery Steelhead  Wild Steelhead  
dates 4/9 – 4/20 4/23 – 5/4 5/7 – 5/18  4/23 – 5/4  
lgr 0.86554 0.82163 0.77731  0.90578  
se_lgr 0.01423 0.01444 0.01571  0.02100  
lgs 0.73997 0.71929 0.72218  0.74813  
se_lgs 0.02493 0.03979 0.05646  0.04128  
lmn 0.67923 0.61861 0.77858  0.70257  
se_lmn 0.06144 0.08102 0.20797  0.08255  
corr_lgrlgs -0.10729 -0.10335 -0.08577  -0.15648  
corr_lgslmn -0.17055 -0.34589 -0.26733  -0.25408  
N 732 1038 1037  307  
ul_reach 0.51331 0.45425 0.65785  0.58528  
ll_reach 0.35675 0.27693 0.21627  0.36689  
surv_reach 0.43503 0.36559 0.43706  0.47609  
se_reach 0.03994 0.04524 0.11265  0.05571  



G-5

(continued)

(continued)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site 
species/reartype Hatchery Yearling Chinook Wild Chinook 
dates 4/2 – 4/3 4/9 – 4/20 4/23 –4/26 3/28 –4/13 4/18 –5/3 
lgr 0.76048 0.81539 0.79795 0.90985 0.87455 
se_lgr 0.01963 0.02254 0.02757 0.01791 0.02146 
lgs 0.95424 0.91644 0.91616 0.92874 0.96709 
se_lgs 0.02550 0.02820 0.03961 0.02702 0.02100 
lmn 0.83131 0.83344 0.88423 0.92068 0.88737 
se_lmn 0.03967 0.04202 0.07442 0.06337 0.05323 
corr_lgrlgs -0.20899 -0.27388 -0.33102 -0.14067 -0.11916 
corr_lgslmn -0.36936 -0.28587 -0.29075 -0.25252 -0.20071 
N 601 423 362 321 266 
ul_reach 0.66152 0.68854 0.75272 0.88362 0.84380 
ll_reach 0.54502 0.55706 0.54009 0.67235 0.65721 
surv_reach 0.60327 0.62280 0.64641 0.77799 0.75051 
se_reach 0.02972 0.03354 0.05424 0.05389 0.04760 
 

Site 
species/reartype Hatchery Steelhead Wild Steelhead 
dates 4/23 – 4/26 4/30 – 5/4 5/7 – 5/17 4/23 – 5/1 5/7 – 5/21 
lgr 0.88461 0.85434 0.88296 0.90138 0.88814 
se_lgr 0.01641 0.01868 0.01542 0.02084 0.02450 
lgs 0.68495 0.68684 0.71643 0.82680 0.71017 
se_lgs 0.02956 0.04011 0.04915 0.04061 0.05566 
lmn 0.89175 0.81653 0.81235 0.73344 0.47242 
se_lmn 0.11716 0.12744 0.19597 0.10049 0.08289 
corr_lgrlgs -0.16088 -0.15411 -0.13522 -0.15959 -0.15432 
corr_lgslmn -0.15514 -0.25600 -0.25098 -0.22044 -0.30638 
N 601 600 913 307 292 
ul_reach 0.68022 0.62214 0.74918 0.69189 0.39672 
ll_reach 0.40042 0.33613 0.27858 0.40132 0.19921 
surv_reach 0.54032 0.47913 0.51388 0.54661 0.29797 
se_reach 0.07138 0.07296 0.12005 0.07412 0.05039 
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(continued)

(continued)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Imnaha River Trap 
species/reartype Hatchery Yearling Chinook 
dates 3/23 – 3/28 3/29 – 4/1 4/2 – 4/5 4/7 – 4/12 4/15 –4/19 4/20 –4/27 
lgr 0.74713 0.79741 0.79896 0.79320 0.87510 0.82403 
se_lgr 0.01839 0.01773 0.01822 0.02483 0.01732 0.02241 
lgs 0.95590 0.97233 0.95497 0.97050 0.97908 0.91387 
se_lgs 0.01995 0.01914 0.02027 0.02455 0.01869 0.02300 
lmn 0.85498 0.89024 0.88933 0.91250 0.90161 0.94851 
se_lmn 0.03570 0.03527 0.03363 0.04416 0.03392 0.03612 
corr_lgrlgs -0.15035 -0.19830 -0.17568 -0.17035 -0.25753 -0.25884 
corr_lgslmn -0.30862 -0.31482 -0.33151 -0.31490 -0.30419 -0.15636 
N 638 621 577 308 484 378 
ul_reach 0.66537 0.74742 0.73336 0.77684 0.83191 0.77949 
ll_reach 0.55587 0.63306 0.62373 0.62803 0.71307 0.64907 
surv_reach 0.61062 0.69024 0.67855 0.70244 0.77249 0.71428 
se_reach 0.02793 0.02917 0.02797 0.03796 0.03032 0.03327 
 

Site Imnaha River Trap 
species/reartype Wild Yearling Chinook 
dates 3/14 – 3/18 3/19 –3/20 3/21 3/22 3/23 3/24 –3/25 
lgr 0.82107 0.87845 0.82688 0.85348 0.80588 0.86387 
se_lgr 0.01822 0.01484 0.01388 0.01393 0.01509 0.01476 
lgs 0.98372 0.97399 0.96572 0.91610 0.98451 0.92727 
se_lgs 0.01972 0.01601 0.01536 0.01630 0.01451 0.01665 
lmn 0.82411 0.84825 0.81746 0.86784 0.83718 0.84976 
se_lmn 0.03730 0.03078 0.02882 0.02911 0.03133 0.02793 
corr_lgrlgs -0.11497 -0.13142 -0.11717 -0.16743 -0.08610 -0.16299 
corr_lgslmn -0.34287 -0.30023 -0.30840 -0.21596 -0.30676 -0.21718 
N 492 551 833 784 735 647 
ul_reach 0.72708 0.77975 0.70011 0.72747 0.71601 0.72949 
ll_reach 0.60420 0.67176 0.60542 0.62962 0.61242 0.63189 
surv_reach 0.66564 0.72575 0.65276 0.67854 0.66422 0.68069 
se_reach 0.03135 0.02755 0.02416 0.02496 0.02643 0.02490 
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(continued)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Imnaha River Trap 
species/reartype Wild Yearling Chinook 
dates 3/27 3/28 3/29 – 4/1 4/2 – 4/5 4/8 – 4/14 4/15 –4/19 
lgr 0.83434 0.81749 0.83279 0.88052 0.88762 0.92496 
se_lgr 0.01659 0.01603 0.01623 0.01509 0.01455 0.01182 
lgs 0.96473 0.92640 0.94070 0.94371 0.93152 0.94211 
se_lgs 0.01735 0.01666 0.01595 0.01636 0.01753 0.01536 
lmn 0.89342 0.84491 0.84113 0.83170 0.84833 0.85190 
se_lmn 0.03515 0.02812 0.02707 0.02940 0.02740 0.02701 
corr_lgrlgs -0.12213 -0.15216 -0.13014 -0.15701 -0.16707 -0.22102 
corr_lgslmn -0.28584 -0.20406 -0.20724 -0.20788 -0.26171 -0.23887 
N 562 672 594 546 580 690 
ul_reach 0.77850 0.68786 0.70712 0.74349 0.74994 0.79050 
ll_reach 0.65975 0.59188 0.61078 0.63872 0.65291 0.69421 
surv_reach 0.71912 0.63987 0.65895 0.69110 0.70143 0.74236 
se_reach 0.03029 0.02448 0.02458 0.02673 0.02475 0.02457 
 

Site Imnaha River Trap 
species/reartype Wild Yearling Chinook    
dates 4/20 – 4/22 4/23 –4/27 4/29 –5/12    
lgr 0.87627 0.88791 0.76267    
se_lgr 0.01471 0.01448 0.01912    
lgs 0.93270 0.91021 0.94048    
se_lgs 0.01687 0.01856 0.02114    
lmn 0.81867 0.83196 0.73720    
se_lmn 0.02763 0.02885 0.03539    
corr_lgrlgs -0.20313 -0.22165 -0.14319    
corr_lgslmn -0.21728 -0.24370 -0.25964    
N 638 654 567    
ul_reach 0.71744 0.72154 0.58281    
ll_reach 0.62075 0.62320 0.47475    
surv_reach 0.66910 0.67237 0.52878    
se_reach 0.02467 0.02509 0.02756    
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(continued)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Imnaha River Trap 
species/reartype Hatchery Steelhead 
dates 4/15 – 4/22 4/23 –4/30 5/1 – 5/3 5/6 – 5/9 5/10 – 5/11 5/12 – 5/15 
lgr 0.85258 0.85935 0.79575 0.81007 0.84276 0.85507 
se_lgr 0.02444 0.01902 0.02149 0.01847 0.01955 0.01879 
lgs 0.74408 0.76094 0.68043 0.82778 0.78114 0.75678 
se_lgs 0.04361 0.04042 0.05446 0.06070 0.06717 0.06089 
lmn 0.64844 0.62922 0.69011 0.67307 0.83019 0.78253 
se_lmn 0.08271 0.08228 0.13760 0.11821 0.21764 0.21060 
corr_lgrlgs -0.18647 -0.15437 -0.10535 -0.07918 -0.09298 -0.13468 
corr_lgslmn -0.26073 -0.28477 -0.31362 -0.37795 -0.29934 -0.26959 
N 338 526 507 601 527 685 
ul_reach 0.51336 0.51376 0.51344 0.59600 0.81494 0.76373 
ll_reach 0.30937 0.30915 0.23388 0.30668 0.27811 0.24903 
surv_reach 0.41136 0.41145 0.37366 0.45134 0.54652 0.50638 
se_reach 0.05204 0.05220 0.07132 0.07381 0.13695 0.13130 
 

Site Imnaha River Trap 
species/reartype Wild Steelhead 
dates 3/20 – 4/1 4/15 –4/22 4/23 –4/30 5/1 – 5/4 5/5 – 5/9 5/10 –5/11 
lgr 0.71443 0.89410 0.91870 0.85249 0.80542 0.80668 
se_lgr 0.03761 0.01648 0.01666 0.01648 0.01746 0.01783 
lgs 0.85301 0.86164 0.82349 0.76022 0.86764 0.82660 
se_lgs 0.04672 0.02862 0.02978 0.02699 0.02417 0.02568 
lmn 0.71914 0.79324 0.87577 0.75193 0.63445 0.65507 
se_lmn 0.07577 0.06990 0.08426 0.07027 0.04506 0.05967 
corr_lgrlgs -0.12016 -0.17794 -0.17340 -0.15471 -0.09915 -0.08615 
corr_lgslmn -0.21129 -0.22281 -0.18453 -0.17526 -0.19948 -0.15350 
N 164 511 410 643 588 557 
ul_reach 0.53895 0.71611 0.78833 0.57788 0.50711 0.51695 
ll_reach 0.33756 0.50611 0.53677 0.39674 0.37961 0.35665 
surv_reach 0.43825 0.61111 0.66255 0.48731 0.44336 0.43680 
se_reach 0.05137 0.05357 0.06417 0.04621 0.03253 0.04089 
 



G-9

(con’t)

TABLE G- 1. 2001 survival estimates for trap released fish to Lower Granite Dam tailrace (lgr), between 
subsequent dams (lgs and lmn), and within the entire reach (surv-reach).

Site Imnaha River Trap 

species/reartype 
Wild 

Steelhead       
dates 5/12 – 5/15      
lgr 0.80835      
se_lgr 0.01838      
lgs 0.80528      
se_lgs 0.03575      
lmn 0.64252      
se_lmn 0.07969      
corr_lgrlgs -0.07820      
corr_lgslmn -0.24661      
N 540      
ul_reach 0.51864      
ll_reach 0.31785      
surv_reach 0.41825      
se_reach 0.05122      
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TABLE G- 2. 2001 survival estimates for Snake River basin hatchery fish to Lower Granite Dam tailrace 
(lgr), between subsequent dams, and within the entire reach (surv_reach) for reaches extending from 
hatchery release site to Lower Monumental Dam tailrace and from hatchery release site to John Day dam 
tailrace.

Hatchery  & 
species 

McCall 
Chinook  

Rapid R 
Chinook 

Imnaha R 
Chinook 

Catherine 
Ck Chinook 

Dworshak 
Chinook 

Dworshak 
Steelhead 

lgr 0.67159 0.69212 0.74991 0.52621 0.74899 0.75999 
se_lgr 0.00711 0.00367 0.00532 0.01223 0.00389 0.00776 
lgs 0.91113 0.94775 0.95175 0.92367 0.93669 0.75700 
se_lgs 0.01475 0.00638 0.00764 0.02582 0.00615 0.01249 
lmn 0.79201 0.85814 0.89564 0.84682 0.83867 0.74407 
se_lmn 0.02506 0.01099 0.01349 0.04682 0.00978 0.02891 
mcn 0.64883 0.69794 0.75079 0.65521 0.69319 0.25574 
se_mcn 0.03195 0.01456 0.01971 0.05847 0.01273 0.02040 
jda 0.84284 0.92995 0.87161 0.75880 0.68588 0.58511 
se_jda 0.13350 0.07352 0.08429 0.19227 0.04139 0.18631 
corr_lgrlgs -0.21807 -0.20879 -0.27146 -0.24657 -0.29611 -0.11029 
corr_lgslmn -0.37089 -0.34574 -0.27162 -0.34854 -0.26832 -0.21543 
corr_lmnmcn -0.43110 -0.40401 -0.39372 -0.45200 -0.37044 -0.40040 
corr_mcnjda -0.16897 -0.14345 -0.15688 -0.19666 -0.13465 -0.12551 
c-hat 10.00000 2.94193 2.54653 10.00000 3.45036 1.14414 
N 55129 55091 20922 20915 55142 4205 
REACH 
SURVIVAL       

Hatchery release site to Lower Monumental Dam tailrace 
surv_reach 0.48464 0.56291 0.63924 0.41160 0.58839 0.42807 
se_reach 0.01470 0.00718 0.01001 0.02247 0.00708 0.01698 
ul_reach 0.51346 0.57698 0.65886 0.45563 0.60227 0.46135 
ll_reach 0.45582 0.54883 0.61963 0.36756 0.57452 0.39479 

Hatchery release site to John Day Dam tailrace 
surv_reach 0.26503 0.36535 0.41832 0.20463 0.27975 0.06405 
se_reach 0.04144 0.02867 0.04007 0.05087 0.01694 0.02030 
ul_reach 0.34626 0.42156 0.49686 0.30434 0.31295 0.10385 
ll_reach 0.18380 0.30915 0.33977 0.10493 0.24655 0.02426 
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TABLE G- 3. 2001 survival estimates for Mid-Columbia River basin fish from release site to McNary Dam 
tailrace (mcn).

 Leavenworth Hatchery Winthrop Hatchery 
Species Chinook 1’s Coho Chinook 1’s Coho 
Dates 4/17 4/25 4/17 4/25 
mcn 0.50065 0.19267 0.42711 0.09566 
se_mcn 0.00826 0.01475 0.00910 0.01382 
N 7580 8840 7423 8000 
ul_reach 0.51683 0.22157 0.44496 0.12275 
ll_reach 0.48446 0.16376 0.40927 0.06857 
 

 Wells Hatchery Priest Rapids H Ringold Hatchery 
Species/age Chinook 0’s Chinook 0’s Chinook 0’s 
Dates 6/20 6/11 – 6/19 6/20 – 6/21 
mcn 0.21139 0.74555 0.73216 
se_mcn 0.02302 0.02484 0.02461 
N 6000 2997 3006 
ul_reach 0.25651 0.79424 0.78040 
ll_reach 0.16627 0.69686 0.68392 

 Rock Island Dam 
Species Yearling Chinook Sockeye 
Dates 4/23 – 5/4 5/23 – 6/6 6/20 – 6/21 
mcn 0.52679 0.57760 0.63590 
se_mcn 0.02829 0.06682 0.14573 
N 761 506 428 
ul_reach 0.58223 0.70856 0.92154 
ll_reach 0.47135 0.44664 0.35027 

 Rock Island Dam 
Species Steelhead 
Dates 5/1 – 5/10 5/11 – 5/20 5/21 – 5/26 5/27 – 6/3 
mcn 0.18580 0.23733 0.18420 0.13862 
se_mcn 0.02226 0.03631 0.04679 0.11073 
N 813 911 1060 945 
ul_reach 0.22942 0.30850 0.27591 0.35565 
ll_reach 0.14218 0.16616 0.09248 < 0 

 Rock Island Dam 
Species Subyearling Chinook 
Dates 6/26 – 7/8 7/9 – 7/12 7/13 – 7/18 7/20 – 7/27 
mcn 0.27903 0.37647 0.33205 0.22028 
se_mcn 0.04248 0.03635 0.04723 0.02869 
N 548 1275 1042 745 
ul_reach 0.36228 0.44772 0.42463 0.27651 
ll_reach 0.19578 0.30522 0.23948 0.16405 
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TABLE G- 4. 2001 survival estimates for PIT tagged fish from Lower Granite Dam tailrace to McNary 
Dam tailrace (surv_reach) and between subsequent dams (lgs and lmn).  Includes PIT tagged fish detected 
and returned-to-river at Lower Granite Dam as well as fish first PIT tagged and released from Lower 
Granite Dam.

 Estimated survival from Lower Granite Dam tailrace 
species/reartype Hatchery Yearling Chinook 
dates 4/1 – 4/7 4/8 – 4/14 4/15 –4/21 4/22 – 4/28 4/29 – 5/5 5/6 – 5/12 
lgs 0.87454 0.89218 0.93988 0.97251 0.95765 0.94679 
se_lgs 0.02920 0.01624 0.00733 0.00382 0.00300 0.00510 
lmn 0.78257 0.87455 0.86713 0.84095 0.85789 0.82499 
se_lmn 0.04761 0.02955 0.01375 0.00701 0.00560 0.01078 
mcn 0.70821 0.73000 0.74477 0.72264 0.71171 0.71043 
se_mcn 0.06896 0.04153 0.01973 0.00926 0.00769 0.01716 
corr_lgslmn -0.33580 0.54965 -0.27271 -0.40179 1.86670 2.11352 
corr_lmnmcn -0.27232 0.71161 -0.34333 -0.37140 1.37256 1.59206 
N 272 659 2247 11472 20091 6530 
ul_reach 0.57828 0.67021 0.63752 0.60487 0.60873 0.60457 
ll_reach 0.39109 0.46898 0.57646 0.57714 0.56071 0.50524 
surv_reach 0.48469 0.56959 0.60699 0.59100 0.58472 0.55491 
se_reach 0.04775 0.05133 0.01557 0.00708 0.01225 0.02534 
 

 Estimated survival from Lower Granite Dam tailrace 
species/reartype Hatchery Yearling Chinook  Wild Yearling Chinook 
dates 5/13 – 5/19 5/20 – 5/26 5/27 – 6/2  4/15 – 4/21 4/22 – 4/28 
lgs 0.93688 0.86190 0.83611  0.96264 0.95465 
se_lgs 0.00520 0.02221 0.03790  0.00875 0.00542 
lmn 0.75796 0.57398 0.56568  0.86450 0.80896 
se_lmn 0.00923 0.03320 0.07175  0.01883 0.01023 
mcn 0.61692 0.51356 0.28262  0.73140 0.75455 
se_mcn 0.01240 0.05498 0.05089  0.02833 0.01645 
corr_lgslmn 1.77615 1.49518 1.89318  -0.25639 -0.30331 
corr_lmnmcn 1.34300 1.65585 0.70929  -0.32981 -0.30178 
N 12717 1121 553  1152 4425 
ul_reach 0.47113 0.35420 0.21845  0.65330 0.60715 
ll_reach 0.40505 0.15394 0.04888  0.56405 0.55830 
surv_reach 0.43809 0.25407 0.13367  0.60867 0.58272 
se_reach 0.01686 0.05109 0.04326  0.02277 0.01246 
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(continued)

TABLE G- 4. 2001 survival estimates for PIT tagged fish from Lower Granite Dam tailrace to McNary 
Dam tailrace (surv_reach) and between subsequent dams (lgs and lmn).  Includes PIT tagged fish detected 
and returned-to-river at Lower Granite Dam as well as fish first PIT tagged and released from Lower 
Granite Dam.

 Estimated survival from Lower Granite Dam tailrace 
species/reartype Wild Yearling Chinook 
dates 4/29 – 5/5 5/6 – 5/12 5/13 – 5/19 5/20 – 5/26 5/27 – 6/2 
lgs 0.94280 0.95158 0.93748 0.88471 0.82906 
se_lgs 0.00618 0.00746 0.00848 0.01655 0.02556 
lmn 0.79677 0.77304 0.70545 0.56123 0.39961 
se_lmn 0.01121 0.01562 0.01572 0.02832 0.03543 
mcn 0.71209 0.69027 0.66360 0.46094 0.35720 
se_mcn 0.01658 0.02560 0.02695 0.03863 0.05053 
corr_lgslmn -0.31083 -0.22189 -0.26729 -0.24996 -0.28582 
corr_lmnmcn -0.31590 -0.28059 -0.28320 -0.33827 -0.36696 
N 4121 1892 2324 1027 774 
ul_reach 0.55880 0.54440 0.47336 0.26527 0.14951 
ll_reach 0.51104 0.47115 0.40437 0.19246 0.08718 
surv_reach 0.53492 0.50777 0.43887 0.22887 0.11834 
se_reach 0.01219 0.01869 0.01760 0.01858 0.01590 
 

 Estimated survival from Lower Granite Dam tailrace 
species/reartype Hatchery Steelhead 
dates 4/22 – 4/28 4/29 – 5/5 5/6 – 5/12 5/13 – 5/19 5/20 – 5/26 
lgs 0.85834 0.76283 0.68771 0.69545 0.56484 
se_lgs 0.01431 0.00905 0.01479 0.01554 0.02692 
lmn 0.71585 0.69721 0.67117 0.73059 0.68422 
se_lmn 0.03636 0.01956 0.03996 0.05040 0.12626 
mcn 0.32277 0.29717 0.42678 0.26845 0.10726 
se_mcn 0.03673 0.01718 0.06654 0.03639 0.02842 
corr_lgslmn -0.17498 -0.25588 -0.19604 -0.27576 -0.22245 
corr_lmnmcn -0.36963 -0.37845 -0.32395 -0.46177 -0.65503 
N 1237 5485 2111 5496 2193 
ul_reach 0.23953 0.17465 0.25399 0.16820 0.05741 
ll_reach 0.15712 0.14145 0.13998 0.10460 0.02550 
surv_reach 0.19832 0.15805 0.19699 0.13640 0.04145 
se_reach 0.02102 0.00847 0.02908 0.01622 0.00814 
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(continued)

TABLE G- 5. 2001 survival estimates from McNary Dam tailrace to Bonneville Dam tailrace (surv_reach) 
for PIT tagged yearling chinook and from McNary Dam tailrace to John Day Dam tailrace (jda) for PIT 
tagged yearling chinook and steelhead.

TABLE G- 4. 2001 survival estimates for PIT tagged fish from Lower Granite Dam tailrace to McNary 
Dam tailrace (surv_reach) and between subsequent dams (lgs and lmn).  Includes PIT tagged fish detected 
and returned-to-river at Lower Granite Dam as well as fish first PIT tagged and released from Lower 
Granite Dam.

 Estimated survival from Lower Granite Dam tailrace  
species/reartype Wild Steelhead  
dates 4/22 – 4/28 4/29 – 5/5 5/6 – 5/12 5/13 – 5/19  
lgs 0.91167 0.86205 0.78234 0.80933  
se_lgs 0.01751 0.00738 0.01319 0.01134  
lmn 0.71571 0.73636 0.73340 0.61322  
se_lmn 0.04738 0.01746 0.02941 0.02279  
mcn 0.22524 0.27016 0.28908 0.41390  
se_mcn 0.03330 0.01546 0.02267 0.04833  
corr_lgslmn -0.19423 -0.22463 -0.17636 -0.22331  
corr_lmnmcn -0.38607 -0.33765 -0.39071 -0.23773  
N 761 5656 1657 2884  
ul_reach 0.18621 0.18960 0.18963 0.25117  
ll_reach 0.10773 0.15338 0.14209 0.15966  
surv_reach 0.14697 0.17149 0.16586 0.20542  
se_reach 0.02002 0.00924 0.01213 0.02334  
 

 Estimated survival from McNary Dam tailrace 
Species Yearling Chinook (hatchery and wild) 
dates 5/1 – 5/10 5/11 – 5/15 5/16 – 5/18 5/19 – 5/21 5/22 – 5/23 
jda 0.76596 0.81478 0.76470 0.80799 0.85054 
se_jda 0.01946 0.02398 0.02650 0.03410 0.03734 
bon 0.51940 0.67223 0.66287 0.65117 0.75676 
se_bon 0.06261 0.10638 0.08927 0.10462 0.10008 
corr_jdabon -0.20218 -0.18090 -0.25028 -0.25828 -0.32942 
c-hat 1.04980 1.59010 1.82355 1.84740 1.00000 
N 12224 15173 17095 14642 11883 
ul_reach 0.48990 0.71479 0.63645 0.68620 0.80118 
ll_reach 0.30579 0.38064 0.37735 0.36608 0.48612 
surv_reach 0.39784 0.54772 0.50690 0.52614 0.64365 
se_reach 0.04697 0.08524 0.06610 0.08166 0.08037 
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TABLE G- 5. 2001 survival estimates from McNary Dam tailrace to Bonneville Dam tailrace (surv_reach) 
for PIT tagged yearling chinook and from McNary Dam tailrace to John Day Dam tailrace (jda) for PIT 
tagged yearling chinook and steelhead.

 Estimated survival from McNary Dam tailrace 
Species Yearling Chinook (hatchery and wild) 
dates 5/24 – 5/25 5/26 – 5/27 5/28 – 5/30 5/31 – 6/9  
jda 0.93217 0.84177 0.93264 0.92681  

se_jda 0.03634 0.02671 0.06247 0.05364  

bon 0.64028 0.80243 0.61009 0.52117  

se_bon 0.07046 0.09637 0.11371 0.13811  

corr_jdabon -0.35284 -0.26055 -0.35835 -0.21776  

c-hat 1.30170 1.01825 2.14970 3.20845  

N 15821 13703 11886 25778  

ul_reach 0.71730 0.82897 0.76306 0.72788  

ll_reach 0.47641 0.52195 0.37494 0.23817  

surv_reach 0.59685 0.67546 0.56900 0.48303  

se_reach 0.06145 0.07832 0.09901 0.12493  

 

 Estimated survival from McNary Dam 
Species Steelhead (hatchery and wild) 
dates 5/1 – 5/10 5/11 – 5/15 
jda 0.31378 0.38070 
se_jda 0.02012 0.05631 
N 2163 3165 
ul_reach 0.35321 0.49106 
ll_reach 0.27435 0.27033 
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APPENDIX H

Hatchery Release Schedule

TO BE ADDED TO FINAL
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